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ABSTRACT 

Effects of Terrain Power Spectral Density Shaping 
■ 

and Measurement Interval on a Vehicle Ride Simulation 

Robert E.  Keenan,  Jr. 

Advisor 

I. Robert Ehrlich 

Hay 1972 

A two-dimensional, fIve-degree-of-freedom,  digital computerized, 

wheeled-vehicle-ride simulation  is tested for sensitivity to two 

parameters:    the power spectral density slope of computer-gene rated, 

random terrain profiles and the spacing of the discrete profile points. 

The vehicle ride simulation Is exercised over six terrain profiles of 

different PSD slopes but Identical RMS elevations.   The simulation  is 

also exercised several times over one basic profile described by samples 

taken at different measurement  intervals.    Calculated absorbed power 

at the vehicle center of gravity is used to compare ride roughness over 

the different profiles.    The vehicle simulation  is shown to be extremely 

sensitive to changes  in PSD slope.   The sensitivity to changes In 

measurement  Interval  is shown to be dependent on vehicle size and mass. 
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INTRODUCTION 

For torn time, off-road mobility has been of manifest   Importance 

to designers of military vehicles.    The problem has been to design a 

vehicle to traverse terrain with certain characteristics at a 

reasonable speed with negligible adverse effects on vehicle payload 

or driver. 

This study concerns Itself with some of the problem* encountered 

In.describing and measuring terrain characteristics — in particular, 

ground roughness. 

BACKGROUND 

The characteristics of a terrain can be numerous.    They may 

Include, among others, slope,  obstacles, vegetation, soil  strength, 

and roughness.    !t has been shown,  however,  that the single most 

speed-limiting aspect of off-road mobility  Is ride dynamics.      The 

study of ride dynamics concerns  Itself with human and cargo response 

to vibration.   This vibration may be caused by terrain roughness 

and/or discrete obstacles, and filtered by the vehicle mass, geometry, 

and suspension system.    Vibration caused by traversal of discrete 

obstacles (logs, small ditches)   is transient in nature and vehicle 

speed  Is  limited more by vehicle strength and operator Judgement and 

2 
experience than by vibrational characteristics.      On the other hand. 

0 

vibration due to stationary ground roughness Is close to a steady-state 

condition; dependent on vehicle velocity.    An operator will,   if 

properly motivated,   increase  the vehicle speed until some degree of 

0 

 — - M    -■ - - ■    -■ -•-' -■-^■--- - - . 
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discomfort Is felt. He will than decrease speed slightly. The IMXI- 

nium «peed • vehicle with driver can maintain over a certain terrain, 

then. Is determined by: 

(1) Terrain roughness 

(2) Vehicle strength and suspension 

(3) Driver discomfort (or pay load delicacy) 

It has long been recognized that seme quantitative measure of the 

last of these, driver discomfort. Is necessary to ride dynamics re- 

search« Many studies have been conducted in an attempt to determine 

some subjective measure. Van Deusen shows the apparent futility of 

this approach and some of the resultant confusion In a composite 

graph, reproduced in Figure I.2 

Several quantitative measures have been used with greater success. 

They Include, but are not limited to: RMS acceleration at the driver's 

seat (or the area under the RMS acceleration time history) ; maximum 
2 

acceleration at the driver seat ; the amplitude probability distri- 

bution of driver acceleration ; and absorbed power, a concept generated 
3 

by Lee and Pradko which Is Intended to quantify the energy dissipated 

by the human In the vibration of his limbs and flesh and counteracted 

partially by muscular control.  In the words of Lee and Pradko : 

The Important characteristics of absorbed power ere 
are that it has physical significance and therefore 
can be measured as well as computed analytically; and 
that since power is a scalar quantity, absorbed power 
can be summed in complex multidegree of freedom systems 
to determine human response. 

The results of an earlier effort by the same authors show that 

absorbed power levels measured at the driver's seat seem to egree more 

nr Bil^—IMfMfl« II um   «  i ni—i 
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closely with subjective ride evaluAtlotis than do RMS accelerations. 

Thus,  the current study will use the absorbed power concept.    Even 

among proponents of this criteria,  there  is confusion over the 

question of what  level of absorbed power should be considered speed- 

limiting.    Six watts,  being a generally accepted figure, will be used 

herein with no apologies to those who consider it too low. 

This research concerns  itself,  not with the driver discomfort 

or vehicle systems problem, but with the first factor mentioned above 

— terrain roughness. 

Recently,(1972)power spectral density (PSD) estimates have been used 

to describe terrain roughness statistically.    The mathematical 

definitions of PSD will be discussed  in some detail  later.    When PSD 

estimates for real  terrain waveforms are  required,  the problems of 

aliasing and stationarity become important.    Aiiasi  9 is a condition 

where felse evidence of certain frequencies appears because the 

discrete sampling  interval  Is  longer than the shortest wavelength 

present.    Stationarity,  briefly,   is  the absence of long-range changes 

In underlying statistical properties. 

The first proposal of the PSD's use to characterize stable ground 

roughness came from Kozln, Cote, and Bogdanoff  in  1963.      They found 

that for "visually constant" ground roughness,  stationarity could be 

safely assumed for terrain segments up to 2000 feet.    They used 

running everages  to correct for unavoidable  long-range trends such as 

hills. 

•■-—■—"''■'      - -    ■-   -- —--- 
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Others have shown that the PSD curves of most natural and man-made 

surfaces can be approximated with the equation: 

PSD(f)    -   Cfn 
(I) 

where    f - frequency 

which defines a straight line on a  log-log plot, with slope of n. 
6 

Van Oeusen,   In  1967, gave evidence to show that for most natural or 

man-made surfaces,  the slope Is roughly -2. 

Other researchers have subsequently used the -2 approximation  In 

ride dynamics work,  using computer simulation of both the terrain and 

the vehicle.    Before substantive work using a computer simulation  Is 

undertaken,  the assumptions made when  Implementing that simulation 

must be shown not to significantly affect the results of the research. 

In past studies, several assumptions have been made regarding the 

computer-generated terrain profiles: 

(1) That the profiles pass  the test for statlonarlty. 

(Murphy used a program called STANOR to actually 

test his profiles.) 

(2) That, as mentioned above,   the slope of the PSD 

curve Is -2.0 for any real  terrain. 

(3) That the Input spacing can be set to any 

arbitrary valje  (Murphy used 3.07  inches; 

Kozin used up to 2 feet  to estimate the PSD's 

of rent terrain ). 

ttmm* ■MMMMBI — ■    ■   
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The first of these assumptions seems reasonable; especially If the 

Input Is generated from random numbers which are stationary. This 

will be discussed In more detail later. The second two leave some 

questions unanswered. 

In recent work, as yet unpublished, Murphy has measured over 

sixty actual ground roughness profiles.    He has found that the slopes 

of their PSO curves vary from -0.6 to -2.3.    Does the assumption of a 

-2.0 slope,  then, cause significant errors  In ride analysis?    To 

answer this question Is the first objective of this research.    This 

objective will be attacked by testing the vehicle ride simulation for 

sensitivity to changes  In PSD slope, keeping other statistical 

parameters constant. 

The second assumption concerns a more practical matter.    An 

Investigator  involved In taking field data for terrain roughness 

analysis has to trade off time and money considerations against 

accuracy.    Taking data points using transit and rod Is time consuming 

— thus expensive.    Taking data closer together  increases cost; while 

choosing too great a measurement Interval decreases accuracy. 

Theoretically, some point exists where further reduction of Interval 

wastes money.    Likewise, at some point a further increase causes a 

serious reduction in accuracy.    The second objective of this report 

Is to obtain some quantitative grasp of the accuracy of vehicle model 

performance versus distance between data points.    This will be 

accomplished by creating a single terrain profile with a small 

Interval and exercising a computer vehicle simulation over this 

        -- II   ll—Mti ■■■J-"-—**-JA"'-*J— 
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DISCUSSION AND COMPUTER CALCULATIONS 

NOIPSD 

The first requirement of this study vws the generation of terrain 

profiles, created with random amplitudes.    In addition, some control 

of statistical properties was necessary.    A computer program (NOISEI) 

written for this purpose was obtained from Mr. N. S. Murphy Jr. of the 

Waterways Experiment Stetlon.   Another program, PSD, was designed to 

accomplish the PSD estimation.   To reduce the execution time, NOISEI 

and PSD were combined to form the program NOIPSD.    Unfortunately, both 

were written for a GEUOO machine, while the computer available was a 

PDP-IO.    This necessitated several adjustments In the program.  In 

addition to translation Into a different Fortran  language.   A 

description of the program and the changes made In it» basic structure 

follows.    A program Using is In Appendix A. 

First, a random number generator was required.    Since these 

generators (sub-programs) are generally machine-specific, some 

alteration of the program was necessary.   An Internal PDP-IO program, 

called RAN(Z), was used to obtain twelve uniform random numbers 

between zero and one for each profile point.     It was desired that each 

terrain profile be different.    RAN(Z), however, has a fixed starting 

number for each program execution.    This Is analagous to having a 

fixed table of random numbers from which to choose.    Obviously, then, 

each execution would result In the seme profile shape,    it was decided 

to use a scheme In which a "skipping number" was used to cause the 

- 
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program to produce different profiles while maintaining their random 

nature.    TWelve norme I random numbers between lero end one are used 

to obtain random numbers with zero mean by the uniform deviates 

method: 

Vj    "   an ^''l ■6-0) (J " '.2.3,...,1200) 

where   V. - a random normal number with zero mean 

Z| ■ e uniform random number from RAN (Z) 

a   ■ desired stenderd devtetlon of V n 

Before eech twelve numbers used from the "table" of random numbers, 

N6 (the "skipping number") points were skipped.    NG should be kept 

relatively low to reduce computer time.    Prime numbers were assigned 

to N6 each time NO I PSD was run to Insure profile difference. 

After all the V's are determined,  their mean Is computed.    It 

should be zero and usually Is very small.    To make sure, each   V.  Is 

then shifted by the computed mean. 

This procedure gives white Gaussian noise, which has essentially 

a level power spectral density curve.    The above spectrum Is shaped 

using a digital simulation of an analog low-pass filter: 

-ax Yi  -V VI-I e 

where   Y. - the resulting profile 

er ■ the special cutoff frequency 

T ■ the intervel between points (constant) 

--  ■ -   ■ ir »in ii i   ill   „ i^^.^. . 
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Th« product   err   is used to adjust the frequency content of the 

profile.   For most of this study , T   MOS kept at a constant k.O 

Inches.   The value chosen for   or , then, determined the ultimate 

power spectral density slope.   A table of   «   values was determined 

by trial and error and Is given below: 

Table 1 

(v. 1 Id for T - k.0) 

Desired 
Slope 

Use NG 
of 

Use or 
of 

-0.60 2 .2575 

-1.20 19 .0888 

-1.85 13 .0129 

-2.00 7 .0052 

-2.15 II .00138 

-2.30 3 .00016 

Iff 
Next, the desired RMS  level  (ORMS)    Is achieved by computing the 

actual RKS (ARMS) and adjusting each point by the factor DRMS/ARMS. 

This results  In the desired results, and completes the profile gen- 

eration portion of the program. 

Before continuing on In the program description,  the mathematical 

definitions of the autocovarlance function and power spectral density 

estlmfttlon need to be presented. 

Names in parentheses  indicate program variables. See Appendix A. 
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ASSUM X(0  Is a continuous,  Infinit« waveform.    Th« covrUnc«! 

(C,.) ar« daflnad by:7 

{«(tjMUj)} 

-   avalExCt^-^t^^CxCtj)^^))} 

C.|      -     CO¥ 

where     X    Indicates  the mean. 

Since the terrain waveforms are created with zero mean, X(t|) - 

X(t,) - X(tn) - 0.0.    It follows that: 

C.j.ava^t.Wtj)} 

Furthermore, assuming stationarlty, the covarlancas will depend on 

time separation only. 

CJJ - CCtj-tj) - C(T) 

where f Is generally called lag. From this, and assuming argodlc 

properties, the cover lance at lag T can be written: 

C(T) - ave|x(t)*X(t+T)l 

or, In functional notation: 

C(T) 
i rT/2 

"    nn,T   / T-   AT/2 
X(t)*X(t4.T)dt (2) 

which is generally called the autocovarlance function.    Equation (2) 

nay.  In the ideei case,  be reduced to: .7 

■Mk   
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Mh«r« 

C(T) 

mm 

P(0 11m ^ 
rJ/2 

I   u t)*t-,2TTftdt 

(3) 

which daflMS P(f),  the powr spectral d»ntlty of the X(t) waveform. 

Not«    that t, the Independent variable, may be either time or distance. 

If Equation (3)   I«  Inverted,  the power spectral density (PSD)  Is 

seen to be the Fourier transform of the autocovarlance function: 

• 

P(f) £■ C(T)*e",2TTfTdT 

Since C(T) is an even function (symmetric about the zero axis), the 

equation may be simply written: 

P(f) r- 2      I     C(T)*CO$(2TTfT)dT 

'o 

In the particular case considered herein, the data to be 

analysed is discrete and equally spaced.   One very Important problem 

to be "^nsldered in these cases is aliasing.    If the data Is tal.en 

from a continuous waveform at equally spaced Intervals, as would be 

the case In recording a real terrain, some frequency estimates are 

distorted.   The basic problem Is illustrated In Figure 2 which shows 
■ 

— -■ 
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Figure 2.     Example of Aliasing 
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how,   in «qut-spaccd sampling of • tin« Mtv«, an Imaginary longer 

Mtvolongth appaar« to ba präsent.    In tha prasant case,  the discrete 

terrain data are not measured from a continuous source, but created 

In Its discrete form.    The highest frequency possible  Is  l/(2At) which 

Is used as tha high cut-off frequency.   Aliasing,   In this special 

case.   Is of no concern. 

For discrete data,  Blackman and Tukey suggest e three-step method 

for power spectral density estimation:' 

1) (I)    If   X(I).X(2),X(3) X(N)    Is the discrete series with 

Interval    LI   between values,  the autocovarlance Is 

computed with  lag t - h*Ajt   as follows: 

N-hr/ 
C(T)    "    HZTr   qfc^Wq+hr)) (5) 

where   N - number of points 

r - 0,1,2 m 

m * N/h • maximum lag 

h > 0 (Integer) 

(2) The raw spectral estimate Is computed: 

n V(r) - AT C0 + 2 ^fc^cosCqrn/m^C^cosCrn)    (6) 

n where f(r) ■ r/(2m&T) 

** r - 0,1,2 m 

Q c, - C(T|) 

D 

tmm ■ . 
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(3)    Du« to th« flnlt« number of dot« to to analyzed and the 

discrete number of lags, the spectral «stlmate must be 

smoothed.    Hamming Is used In this analysis: 

Mhere, for hamming:    (I-3) 

A30 - 0.5U 

Aj, - 0.23 

Aj, - 0.00 for J - 2,3A... 

15 

(7) 

D 
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Returning to the computer program, N0IPSD, the first step In the 

PSO estimation process  is to compute the maximum number of lags (LUG). 

From Blackman and Tukey the equation Is: 

21 
K    - LUG 

where   K • the equivalent number of degrees of freedom of a chl-square 

distribution 

N - number of points  In profile 

LL\G ■ number of lags (max lags) 

T ■ profile spacing 

Solving the above equation for the number of lags: 

^. .-^.^ 
- ^-m~~- — -*"—"*■■ -a^^-' 
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Obviously, a balance exists among the number of points, N,   Che 

number of lags, and K.    The choice of K determines the degree of 

accuracy of the estimate, as seen In Figure 3.    It show* the distri- 

bution of PSD estimates, for Instance, as fixed multiples of their 

average values.   As an example, consider a PSD estimate which has an 

average value of 10 In /cycle.    For K ■ 10,   Individual estimates will, 

In the long run, fall below .k9 times  Its average velue (Ur9 In /cycle). 

In brief, 80 percent of all values would fell within the Interv. I k.9 

to 16.0. As can be seen   higher values of K give higher accuracy.    But 

for a fixed N,  the numb« r of  lags decreases with K,  reducing the 

amocnt of Information In the PSD curve.   Thus with e very high K, one 

point on the PSD curve would result.     It would be very accurate,  but 

not of much use.    For N - 1200 end T - Jt.o,  a value of K - 20 gives 

30 lags.    This value of K gives reasonable accuracy of estimates while 

giving a reasonable number of legs.    Since the program must allow for 

chenges  In N end T ,  the equation was written: 

m   -    LUG   -    6N/(62*T) 

which Is used  In the program. 

The eutocovarlance computation Is done by using h-l   In equation 

(5).   A check Is made on the RMS  level  et this point by taking the 

square root of the first  (r-0)  eutocovarlance, which should equal  the 

desired RMS. 

Next, the rew spectral estimates  (PX) ere computed using 

equation (**), and smoothed by hemming to give the smoothed power 

M^M 
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* 2 S 4 5 

K, Degrees of freedom (*10) 

Figur« 3.    Relative Accuracy vs. 
Equivalent Degrees of Freedom 
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spectral density estimates (SPX): 

$Wl(1)   -   .s^pxd) ♦ Mm*) 

SPX(J)    -    .23PX(J-1) ♦ .S^PXO) ■»■ .23PX(J+1) 

(J^J,** w-l) 

SPX(m)    -    .S^PXCm) ♦ .U6PX(m-l) 

Finally, after discarding PSD points outside the low and high 

cut-off frequencies, the smoothed PSO estimates are fitted to a 

straight line rn a log-log plot, using a least square fit routine. 

The result Is an equation: 

18 

PSD Cf 

G 

D 
a 

i 

where C - the Intercept of the line at f-1.0 

f ■ frequency 

n - slope of the line 

This completes the discussion of NOIPSD. 

VEH 

The next major requirement of this work was a vehicle simulation. 

Again this was.   In  Its original  form,  obtained from Mr. N. S. Murphy 

Jr., WES.    The program was also translated to POP-IO FORTRAN IV for 

use herein.    Several subprograms were changed or added for this study. 

Including DATA,  GAMSUB, WHEELS,  PRINT,  end FILIN.    Basically,  this 

computer program Is a 2-d I mans I one I, 3-degree-of-freedom simulation. 

■ k**~ - 
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Th« following «sfumptlont Mtr« mad« in deriving the equation* of 

motion: 

(1) The vehicle sprung mast li rigid. 

(2) The only forces acting on the sprung mass ara 

suspension forces. 

(3) There Is no surge acceleration or motion In sway, 

yaw, or roll degrees of freedom. 

('») Pitch Is small enough to allow a small-angle approximation. 

Assumption 3 was made reluctantly, but was necessitated by time 

and cost considerations. The others are reasonable considering the 

purpose of the simulation. 

Figure *♦ shows a schematic of the general wheeled vehicle model. 

Three axles are shown and that is the maximum number which can be 

simulated with this model. A two-axle vehicle Is modeled by setting 

JL, £., and m. equal to zero. Thus, the one model can simulate almost 

any conventional vehicle. In this study, one 2-axle and one 3-axle 

vehicle are used. They are the MI5I Jeep and the M33 2fr Truck, 

respectively. 

The equations of motion war« written using Newton's Law on each 

of the free-body masses shewn In Figure 5. 

Body: 

Sum of vertical forces: 

V F, ♦ F2 - aog (8) 

,----  ■     - ■ ■ 
-—~— 
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Figure k.    Schematic of General 
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Figure 5. Free Bodies of General 
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SUM of moments about pitch axis: 

ie  -  Fji, cos e - FJ/J cos e (9) 

Unsprung masses: 

Sun of vortical forces: ■ 

Vi  ■ •Fj-n^g+P,    (1-1,2,3) (10) 

The angle    ß    Is defined in the rear suspension geometry as In 

Figure 5.   The forces    F^F« • and PJ    are ('^flnxJ: 

F,    -   kjA,^^ 

A.    ■   z.-z-i. sin 6 

k.    -   z.-z-i.  6 cos 6 

0 
0 
II 
0 

F2+F3 
F2   " 

S ■ 

k2^2A2 

z.-z+A    sin 6 -Jl. sin ß 

z2-i+jt2e cos 0-1. 6 cos ß 

F3   "   SV«A 

A-    -   z.-z+Xj sin 9 + i^ sin ß 

A.    ■   z.-z-t-i20 cos 6 + jt.   ß cos ß 

[I 

forces from terrain profile as transmitted by 

the tire model. 

I^MI MMMBBi ■MMMMMliBMi^mnMMeia 



■   i"  v.*,,mm.*w>■*•—*< iNii-iii mmwr' ."   - i^fmvmmjim*" i* ' •""• "■' 

I 
I 
I 
e 

R. 161(6 

H 
0 

The program named VEH Is designed to solve equations 8, 9, and 

10.    Basically,  it performs  Its function using a fourth order 

Runge-Kutta-GiII algorithm.    A program listing is  In Appendix B. 

Before the calculations are begun, program options and variable 

parameters are fed  Into the program, normally by teletype on a remote 

hookup.    The program options determine which parts of the proc,  _m 

will be executed.    The variable parameters  Include the Input profile 

name,  tire deflections, vehicle velocity  In miles per hour and the 

teletype printout time interval.   These parameters will be explained 

more fully  In the text that follows. 

First,  VEH calls subroutine FILIN.    On this  Initial call,  FILIN 

a 
requests an  Input of desired tl (DELTAL)  , which may be eny integer 

multiple (2I) of the  Input profile spacing.    FILIN then reads the 

actual  Input profile spacing (SPACING),  the profile  Identification 

line (FID) and the first ten profile points  (FYIN)  from the input 

file.    A parameter, MM,   Is then calculated by the following formula: 

MM DELTAL 
SPACING 

23 

which defines the number of profile points (FYIN) to be skipped between 

each two points returned to the main program. Thus, if the spacing 

in the input profile Is 1.0 inches and the desired spacing is k,0 

Inches, MM - *». Every fourth point will be returned to the main 

program. This feature was added to allow investigation in this study 

The words In parentheses are the parameter names in the program 
listing. Sea Appendix B. 
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of the effect of input profile spacing on simulation performance. 

After the vehicle name and the program options are read, the 

program calls subroutine DATA.    DATA sets the vehicle parameters to 

the proper values.    It must contain every vehicle parameter necessary 

to simulate the desired vehicle.   Some of the data statements contain 

values of interest only for tracked vehicles.    The tracked vehicle 

subroutines are not included, but the data was left  In case later 

Investigators wish to use the program.   The tracked vehicle subroutines 

are available If desired.    For wheeled vehicle simulation, a list of 

necessary vehicle parameters for inclusion  in subroutine DATA Is given 

In Appendix C. 

After most of the parameters ere set,  but before returning to the 

main program,  DATA calls subroutine GAHSUB,  which computes the 

parameters used   In the radial-spring tire model.    The tire model  is 

constructed under the assumption that a tire can be simulated by a 

series of radial springs, as In Figure 6.     In the original program, 

the calculations done In GAHSUB were made by hand and inserted through 

subroutine DATA,     in this study it was desired to change the Input 

profile spacing from one execution to the next.    Thus, GAHSUB takes 

Into account the  Input profile spacing (DELTAL) and "creates" radial 

springs such that the distance between the projections of their outer 

ends on a horizontal surface will be exactly equal to the profile 

spacing.    Thus,  D.,  D.»...^..   are multiples of DELTAL.    The maximum 

angle allowed from the vertical  is roughly 53 degrees.    One spring Is 

always placed vertical,  the others symmetrical to front and rear. 

«MÜHI  ^^ ffclt^-^."....■. ■- - ■     . - ,.—^.—^ ■.,-,        .   . 
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Fi gure 6.  Ti re Model 
Spring Locations 
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Basically, Y (GAMMA) It th« wrtle«! component of th« radial 

spring forca-dafraction function.   Each radial spring Is assumed to 

have the same spring rate, which Is determined separately for each 

tire from the tire force-deflection curve.    The curves for MI5I tires, 

for Instance, «re shown In Figure 7«    The curves are vary close to 

being straight lines, so a linear approximation Is used.    The load on 

each tire Is computed (note that for 3-axla vehicles the rear tiros 

are assumed to be duals) and typed out.  In order from front to roar, 

on the teletype.    After eech load, a tire deflection  Is entered by the 

operator.    Cere must be taken to enter the deflection et the propel1 

Inflation pressure.    The M15I Jeep,  for Instance, should have 18 psl 
a 

In the front tires and 22 psl   In the    -tar for cross-country operation. 

GAM5UB then computes the radial spring force for each clra.    SPKF, 

SPKRI, AND SPKR2 are the program variables for these spring forces 

front to rear.    They ere computed In the following manner: 

Suppose the deed load on the tire causes a tire deflection (Y) 

as In Figure 8.    The radial spring constant (SPK) Is computed from the 

dead load (WEIGHT) and spring deflections  (DELTA) as follows: 

NSEGS 
WEIGHT    -        £     SPK*cos  (L^DELTA, (II) 

l-l ' ' 

where   SPK*cos 8. « the vertical component of SPK 

NSEGS ■ 2*KK+I  ,  the number of radial springs  In the tire model. 

«" • mm ME|°HT— «« 
£   cos «p.^DELTA, 

l-l ' ' 
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tine« SPK if «tsumed constant, 

written (••• Figure 6): 

In addition, since   cos 6|    can ba 

cot «,    -   -je 

aquation (9) becomes: 

SPK 
NSEETDT 

WEIGHT (13) 

* DELTA 
i-1 

where    DELTA! - Y - THRESH,  - z 

(If DELTA,   Is < 0.0,  DELTA, - 0.) 

-mRESH, » R - D,' (sea Figure 9) 

R ■ the undeflactad tire radius 

Note that In this case, Y causes deflections only In three of the 

radial springs.    Thub, DELTA, - CELTA2 - 0ELTA6 - DELTA7 - 0.0   and 

aquation (II) becomes: 

SPK WEIGHT 

D' 
-^ * DELT/L •»• -jjf * DELTA^ 4 -^ * DELTA, 

The radial spr>ng rates for different tires on the same vehicle 

may vary, either because of different inflation pressures or different 

load distribution. 

As the final step,  GAHSUB computes the values for GAMMA by the 

aquation: 

__ - - 
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GAMMA,.    -    SPK. * COS  6! 

{-1.2.3 NSEGS 

J-l,2,3    (axle number) 
■ 

For computer notatioi..  the GAMMA's are numbered from front to r«ar of 

th« vehicle as shown In Figure  10. 

front of wthlek 

W^ ■M 
Figure 10: Numbering Scheme for Tire Segments 

Upon return to the main program, the number of steps to be used 

In the Runge-Kutta-GIII (RK6) algorithm Is computed, based of vehicle 

velocity. The step size Is desired to be roughly .001, which Is 

adjusted slightly to Insure an exact number of steps between Input 

terrain profile points. This completes the preliminary calculations. 

The program enters an integration loop at this point, starting 

affectively with the calling for the second time of subroutine FILIN. 

Each time FILIN is called from the Integration loop. It simply returns 

one profile point (YIN) to the main program. 

If a detailed output file is desired, the program calls FILWRT, 

which writes time (T), YIN, and absorbed power (ABSPWR) for each step. 

It elso writes displacement, velocity, acceleration, and RMS 

^ 
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Th« fore« «xcrted through the suspension system to the body mutt now 

be computed for each axle. 

WHEELS ellowi considerable flexibility In modeling spring- 

deflect ion-vs.-force curves end In modeling damp I ng-force-vs.- 

deflection-velocity curves.    Both curves ere specified by deta state- 

ments  In subroutine DATA. 

The spring force-deflection function of a typical suspension 

spring cen be approximated by five  linear segments, as shown in 

Figure  II. 

The deflection exis can be divided into five regions: 

Region  1 •00 to XI 

Region 2 xi to x2 

Region 3 x2 to X3 
Region k X3 to % 

Region 5 Xj. to +00 

The x. are the region limits (SLIMIT.). 

In each region, the force-deflection function Is approximated by 

a linear equation of the form: 

FORCK,    -    m * SPDEF, + C 

where    FORCK - rbsultant spring force 

m - slope of the line  (SSLOPE) 

SPDEF ■ deflection of the spring 

C - intercept of the  line et SPDEF - 0.0 (SINT) 

| « axle number 
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•cctUratlon of th« c«nt«r of gravity,  tho pitch, and aach axla.    If 

tha talatypa printout Interval  It axcaadad, subroutlna PRINT la 

called, which cautas tha tarn Information to be typed out.    If datlrad, 

PRINT Mill causa only time and absorbed power to be printed out. 

PRINT also asks the operator If ha desires to stop execution.    If tha 

answer Is yes, the main program transfers out of the Integration  loop. 

If tha answer Is not yes, the main program than calls subroutlna SHIFT. 

SHIFT, as tha name Implies, causes each profile point to be 

shifted by DELTAL Inches to the rear of the vehicle.    The main program 

than sats tha first profile point to equal YIN and continues. 

Next,  the differential equations are solved.    For each RKG step 

between profile points, the suspension forces are calculated by a 

subroutine called WHEELS. 

The first thing done by WHEELS  Is the computation of the forces 

on each axla (FORCW).    It uses the same method as before to determine 

radial tlre-model spring deflections, DELTA: 

DELTA,    -   Yk - THRESH, - Z, 

where   J "axle number 

no negative values of DELTA are allowed 

Y.   ■ elevation of the profile point under the k-th spring 

The axla forces (FORCW) are: 

NSEGS 
FORCW,    -        E     DELTA.*GAMMA,        (J-l,2,3) 

J I-l ' ' 
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Th« simulation of P** tutponslon damping function It astantlally tha 

tana.    Data!Is ara glvan In Appandlx C. 

Thus, aftar computing tha suspansion spring deflection (SPDEF) 

and deflection velocity (DSPOT), subroutine WHEELS compares their 

values with the region limits, decides which equations to use, and 

computes the suspension forces (FORCK and DAMP). 

Execution then returns to the mein program, which Immediately 

calls subroutine RUNGE,  the RKG Integration scheme.    Next,   If the 

absorbed power option Is requested, subroutines POWER and RUNGE ara 

used to compute It. 

The concept of absorbed power  In mobility research appeared as 

an attempt to resolve the confusion In driver vibration limits ax- 

3 k hlblted by Figure 1.    It was theorized by Lee, Pradko and others ' 

that tha driver will adjust the vehicle conditions (e.g., speed) so 

that he can completely absorb, by flexing and unflexlng his muscles, 

all tha power of the vibrations ha receives from the vehicle In order 

to keep his eyes or hands steady to see clearly and operate the 

vehicle controls.    A series of experiments indicated a great deal of 

merit in the concept and determined that 6 watts was a general  level 

of power that tha human can or Is willing to absorb during driving. 

This has been accepted by many investigators  in ride dynamics, not 

so much as an ultimate truth but as the best available now. 

In the course of these studies several ways of calculating 

absorbed power were developed (the first three reported In Lee and 

Pradko3): 



I R. 161(6 

0 
S 

A. For tnfIntt« averaging tina: 

n i / 
*• avaraga abtorbad powar - Itm « / F(t)v(t)dt 

n 
whara: F(t) - Input forca to the driver support (e.g., seat) 

V(t) - Input velocity of the driver support 

B. For a finite averaging time: 

-L j£üK ÜÜii (24) + Kt) . KF(t) v(t) 

0 

Q 
Q 
D 
0 
0 
Q 

i dt2    dt A 
n 

P(t) ■ finite average absorbed power 

A   - damping factor 

(D  ■ lowest frequency to be averaged (rad/sec) 

F(t) « Input forca to the driver support 

V(t) ■ Input velocity to the driver support 

K  ■ conversion constant 

C. In the frequency domain. It can be computed: 

N 
P- E KCf.KRMS^f.)) 

1-0 

where   P ■ finite overage absorbed power 

K(f.) « parameter dependent on frequency I 

RMS.ff,) - RMS acceleration at frequency I 

Tables of K(f.) are given In Reference 3* 

D. Recently, work has been done at WES to create an algorithm to 

compute absorbed power In the time domain.    The result was the following 
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Mt of «quatlons, derived from the analog circuits shown In Figure 12. 

•(t) Is the acceleration of the driver support, the other variables 

may be considered es Intermediate quantities needed In the calculation 

of absorbed power. 

&„ - -0.1755 «(t) - 2.7«»2 ^ 

*I0 " -K755 **) " 388'8 x|| " U6'67 x10 

Ug - -0.1755 «(t) - 1.0U2 x10 

^ - -10 ug - 6.21*9 u, 

kB - -10 ug - 78.59 *$ - 55.28 xg 

u,  - Ug - 3.2^6 Xa 

ft- - -100 Uj - 1*7.78 uo 

*6 " ",0 ul + 7K6 "7 " 53,,,9 x6 

u   - - u. + 1.318 xg 

ft5 - -100 u0 - 59 x5 

ig - -0.0\29k a(t) 

k} - 0.00873 Xg x5 

100 x. 
PWR - 1 

In a study yet to be published, Murphy has found this latter algorithm 

to be accurate within the frequency range of Interest (.50 to 20 cps). 

His version of subroutine POWER was used In the program. 

--      --   I     Mill ■   
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output scaling la accomplI shad, RMS accalaratlons ara calculatad, 
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^J1 multiplier Absorbed Power 1. /a0x/\ 

Figure  12.    Analog Circuit  for 
Absorbed  Power  Computation 
given by Murphy 
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TEST PKOCEDURE AND RESULTS 

I.      Th« flrtt objacttv«, as statsd previously, was to tast tha 

sensitivity of tha vehicle simulation to changes In tha PSO slope of 

the Input terrain profile. 

Six terrain profiles Mere created, using NOIPSD, with PSD slopes 

ranging from -0.6 to -2.3.    Each profile hed 1200 points speced at 

'»-Inch intervals and an RMS elevation of k,0 inches.    The Inputs to 

NOIPSD for creation of these profiles are repeated In Table 2. 

Table 2 
■ 

(valid for T- i».0) 

Desired 
Slope 

Use NG 
of 

Use or 
of 

-0.60 1 .2575 

-1.20 19 .0688 

-1.85 O .0129 

-2.00 7 .0052 

-2.15 " .00138 

-2.30 3 .00016 

For PSD estimation, a low cut-off frequency (FLOW) of .0002 was used 

In each case.    This ceused the zero-frequency estimation to be 

delated while all others were used In the curve-fitting routine.   The 

zero-frequency (or Infinite wevelength) component of the terrain 

profile would have no effect on the vehicle simulation.    The resultant 

 ■■■■.■ i m i 
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I FSO data and aquations ara shoMn In Figures 13 through 18.    Figur« 19 

r shows all six aquations suparlmposad for comparison. 

Figures 20 through 22 show tha Initial kO faat of tha tarraln 

profI las.   Tha vartleal scales of th« profI las ara distorted by a 

factor of eight, so they appear rougher then they should.    The high 

frequency component can be seen to decrease es the PSO slope becomes 

larger, which conforms to the expected trend. 
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Originally each vehicle was to be exercised over eech profile, 

end by trlel end error, e "critical speed" determined. This critical 

spaed was defined es thet speed et which the vehicle exhibited six 

watts absorbed power et the driver's seet. The MI5I Jeep simulation 

was exercised first. Eech simulation was run until the absorbed 

power seemed to stabil IIze (until severel consecutive values were 

very close). This norme I ly took from 4-6 seconds of real time. The 

following results were thus obtained: 

Tebl • 3 

PSO NISI 
Slope 

-0.60 

Critical Speed 
(mph) 

2 

-1.20 2 

-1.85 * 

-2.00 5 

-2.15 10 

-2.30 17 

This data Is plotted In Figure 21. At the end of one of the lest runs, 

• 

1 . . ^ -   - — -  --                 i 
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however, the absorbed power Jumped up sharply.    To determine whet may 

have happened,  the M151 wet exercised over one entire terreln (slope 

ik of -2.3) at a velocity of eleven miles per hour.    The absorbed power 

wes plotted using e special computer program,  PWRPLT (see Appendix 0). 

For this execution the absorbed power leveled off at a value of 5.3 

wetts efter about 18 seconds of ioal time, es compered to where It 

began to level  off at 3.** watts around 6 seconds.    Thus, the critical 

speeds determined for the Mlr.I  Indicate the sensitivity of the 

simulation but can be assumed to be about 50 percent too high. 

Since It took four or five runs to find each critical speed,  It 

wes determined that to continue the "critical speed" approach would 

Increase the cost of the program by a fector of from 3 to 5.    Since 

the necessary funds were not evaliable, a slightly different approach 

was taken. 

First, each vehicle was exercised over each terrain profile et 

5 mph end at  18 mph.    These two speeds ere near the relative minimum 

and maximum of off-road mobility expectetlons end should exercise 

each vehicle In most of its tolerence renge. 

Second,   Instead of measuring discrete absorbed power values, a 

new subprogram, AVERAGE was written to compute e running everage end 

PWRPLT wes used  to plot the averege absorbed power. 

I I Each vehicle-profile combination underwent a  15-20 second 

simulation.    The final average absorbed power was used to determine 

simulation sensitivity to the PSD slope of the Input terreln profile. 

rtMMMMfc^'i   ii 
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Q Unfortunately, at both 5 mph and 18 mph on the terrains with 

^ PSD slopes of -0.6 and -1.2, both vehicles exhibited lerge pitch 
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varletlons.   Since e smell pitch angle approximation was used to 

derive the vehicle simulation, all data on those profiles was 

considered Invalid end Is not  Included In the analysis. 

There Is no scientific reason to draw a straight line between 

the two points at each slope.    In fact, according to Murphy's data, 

11 the lines should probably be concave downward  (second derivative of 

the power with respect to slope negative).    The  lines are drawn simply 

to enhance visual comparison.    Even e hasty Inspection makes one thing 

obvious -* the vehicle model Is extremely sensitive to the PSD slope 

of the terrain profile Input.    Of significant  Interest Is the 

sensitivity In the region from -2.0 to -2.1$,  since many natural 

terrelns fell Into this region.    The overlapping of the lower two 

lines Is probably due to statistical scatter   In the profile generation 

process. 
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II. The second objective of this reseerch was to study the sensitivity 

of the simulation to changes In profile spacing. One random profile 

i* was created using NOIPSD with a profile spacing of 0.5 Inch. One may 

th nk of this profile as constant, as If it existed In Nature somewhere. 

As the profile spacing (measurement interval) Is changed, the profile 

Itself will not be altered. What will change is the distance between 

poiiits which are used as input to the vehicle simulation. The first 

1) few feet are shown in Figure 26(a). Since straight lines are used to 

Interpolate between point- In the vehicle simulation, they are drawn 

between them In the figure.  If a one Inch interval Is desired, every 

ether point Is "read" by the computer and the result Is a profile as In 

Figure 26 (b). The measurement Interval is increased by .5 Inch 
- 

Increments in Figures 26 (b-J).    Note that as the measurement  Interval 

i. -.reases,  the profile appears to become smoother as the valleys are 

bridged and the peaks >   ittened by the linear interpolation scheme. 

The  1/2-inch-interval points are repeated in Figure 26 (g)  for 

comparison.    Note how the first valley has been gradually disappearing 

and the peak is completely flat. 

For this test, an RMS elevation of 1.0 inch was chosen in order 

to depict a more natural  terrain.    A PSD of slope -1.850 was specified 

to keep away from the 2.000-2.150 Instability region.    The desired 

_ profile was obtained from NOIPSD,  stipulating NG ■ 7,  N ■  1800, 

•> RMS - 1.0 and   v ■ .0<*6 in the  Input phase.    The final  PSD equation was 

PSD - .001134 (freq)"1,850 (see Figure 27). 
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Each vehicle simulation was then exercised over the profile et 

different measurement Intervals.    Velocity was maintained at ten 

miles per hour.   The simulation was exercised until a steady-state 

absorbed power level was reached and the average absorbed power was 

used to compare results.    Table k and Figure 28 show the results. 

Note that the average absorbed power for the M35 maintains an 

essentially constant level throughout the tested range of measurement 

Interval.    In fact, at sixteen inches,  the tire model consists of only 

one vertical spring — a "point follower."   Thus it appears that for 

the M35 truck and probably for other heavy,   long-wheelbase trucks, 

a "point follower" tire model  Is sufficient. 

For  the MI5I Jeep, however,  the plot shows a steady decrease in 

average absorbed power, after about 2.5 or 3.0 Inches.    For the MI5I 

ard probably for all short-wheel base, small-tired vehicles,  It is 

obvious that a smaller measurement  interval   Is required to provide 

numerically stable absorbed power values.    The data Indicate that an 

interval of as  low as 2.5  inches   Is necessary.    For profiles with 

higher RMS elevations,  the interval may be even smaller. 

60 
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Table k 

Measurement 
Interval 

Average Absorbed 
Power 

iInches) vwatts) 
MI5I             H35 

1.0 7.206 1.328 

1.5 7.000 1.207 
1.0 7.221 1.298 

2.5 6.740 1.276 

3.0 7.819 1.377 

3.5 6.065 1.234 

4.0 8.734 1.318 

4.5 7.129 1.404 

5.0 5.094 1.254 

6.0 6.236 1.186 

9.0 4.329 1.082 

12.0 4.256 1.016 

16.0 - 1.321 
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CONCLUSIONS 

1. The vehicle simulation Is extremely sensitive to PSD slope, 

especially in the neighborhood of -2.0. 

2. The vehicle simulation Is sensitive to input profile spacing 

for light, short vehicles. A very small measurement interval of from 

2.5 to 3 inches is necessary for numerically stable average absorbed 

power values. 

3. The vehicle simulation is relatively insensitive to variations 

in measurement interval for heavy, large vehicles. Thus a much 

longer measurement Interval is possible and a vastly simpler tire 

model can be used. 
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RECOMNENOATIONS 

1. That the sensitivity of the model be further tested using 

terrains differing In PSD slope by much smaller Increments between 

-1.85 (or even -1.70) and -2.30. 

2. That the H35 simulation be further tested for sensitivity 

over terrain profiles with greater RMS elevations and different 

slopes. 
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APPENDIX A(OocumentatIon of NOIPSD) 

!,    DESCRIPTION:    This program Is a combination of Murphy's two programs 

NOIftEl and PSD.    It first ganaratas, using Gaussian noise, a random 

tarraln prof Ma with zaro mean and specified RMS elevation. 

II.     INPUTS AND OPERATING  INSTRUCTIONS: 

A. Prior to execution: 

1. The equation   FLAG ■ 6*N/(TAU*62)    Is written assuming 

20 equivalent degrees of freedom.     It comes from Dlackman 

and Tukey,  sections B.23 and B.24. 

2. The PSD estimates are smoothed by hamming.     If other 

smoothing Is desired, the appropriate parts of the pro- 

gram must be changed. 

B. During execution: 

1. NG:    May be any number, but to Insure differences among 

profiles, a prime number should be used. 

2. SHORT TYPE OUT: Answer YES or NO. 

a. YES causes a reduction in program options, setting 

TAU - k,0,  RMS - k.Q, N- 1200,  and no output files 

are created. 

b. NO causes  the program to run normally, with all 

options open. 

3. In put of TAU, N, and RMS:    If no new values are entered, 

the program will set them to k,0,   1200,  and k.Q 

respectively. 

■  - 
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k,   ALPHA:    This  I« th« parameter us«d to adjust tha slope 

of tha PSD curve. 

5. FILES?   Answer YES or NO. 

a. YES causas tha program to ask for file names, which 

ara antarad If required.    If no entry Is made for 

jj either,  that file will not be opened. 

b. NO causas no flies to be created. 

6. FLOW - :    Enter tha desired low cut-off frequency.    If 

zero Is entered,  tha program will sat FLOW equal  to .0002, 

which normally causas only tha zero frequency estimate to 

be deleted. 

Ml.    OUTPUTS: 

A.    PSD file: 

1. PSD aquation In tha form:    PSD ■ C(fraq)n , 

where C  Is tha Intercept at frequency ■ 1.0 on tha log- 

log curve.   With PSD on the vertical axis, n Is tha slope 

of tha curve — a straight line. 

2. RMS:    This  Is the actual RMS as opposed to tha desired HNS. 

3. Power:    The area under the PSD curve. 

k.   Number of Points:    Number of points In profile. 

5. Cut-off frequencies,   low and high. 

6. Points that ware used In the square fit by sequence num- 

bers. 

jj 7.    List of frequencies and PSD estimates, five points to a 

line.    Only tha points usej In tne square fit ara listed. 

_j__^ ■—  ^^.^—.. 



I 
I 
i 
L 

I 
ii 

J! 
II 

Ö 

R-161*6 

69 

0 
Ü 

il 

8. Litt of the points not used in the square fit. 

1. Road fll«: Useo at Input to VEH. 

1. The profile segment spacing In Inches. 

2. A line of Identifying Information. 

3. The profile points In order, ten points per line. 

C. Teletype: 

1. RMS. 

2. PSD equetion.  (If short type out Is selected, only the 

slope of the PSD curve Is printed out;    none of the 

following ere listed) 

3. RMS,  power, and number of points fitted by the above 

equetion. 

k.   SO.  (Standard deviation of the points from zero) 

5. XBARAS:    Mean of the profile after shift. 

6. File names for output data.    (If —»-.MT Is typed out, 

no file was created.) 

U 

D 

mum» 
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IV.    SAMPLE EXECUTION: 

A.    Normal: 

.EXECUTt   NOIPSD 
LOADING 

LOADEH  9K  COHE 
EXECUTION 

NG   =   7 

11 SHORT TYPE  OUT?   NO 

TAU::4.0,N=l?.00,RnS=4.0   UNLESS  SPECIFIED  NOWt 
ALPHA   =   .(3052 
LLAG   =     30 
FILES?  YES 
PSD  FILE   NAtlEt    PSD4 
ROAD  FILE   NAME:   R0AD4 
AUTO-COVAR.   IS  COMPUTED 
RMS  s 4.000000 
PSD   IS  FINISHED 
FLOW  :   .0002 

I 

-2.000 
PSD  =     0.20fi7366E-02   FREU 

RMS s       4.00000i) 
POWER   =        3.673574 
EQN FITS PTS      2  THRU     30 
SO  =       0.6519456 
XBARAS  s        0.0000000 
FILE  FOR  PSD  PLOTl   PSD4   .DAT 
FILE  FOR  ROAD  PLOT»   RÜAD4.DrtT 

EXECUTION  TIME» 11.73  SE( . 
TOTML  ELAPSED TIMEt 2 MIN.  3.37 SEC. 
NO EXECUTIOM ERRORS DETECTED 

EXIT 
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B, Abbrevl«t«d: 

•EXECUTE NOIPSD 
LOADING 

LOHOER 9K CORE 
EXECUTION 

N6 : 7 

SHORT TYPE OUT? YES 
ALPHA I ,9952 

SLOPE:-2.000 

EXECUTION TIMEt 6.40  SEC. 
TOTAL ELAPSED TIMEt 24.75  SEC. 
NO EXECUTION ERRORS DETECTED 

EXIT 

-    
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V.    PROGRAM LISTING; 

01* 
(Jiff 

06PI 
£22. 

MIL 
Id) pi 

112- 

44* 
A5JL 
46* 
A2JL 

iilMCMSION   X(l2Ok5),DXrl2fc0),FREOi?57) 
DIMCNIIOM   «X(25ü),PX(25»),SPX<?$*) 

04* URIT^6»90*, 

ÄSLe SM EflHliALL!   NG  «   Si). 
ACCEPT 
TAU«^. 

99/,NC 

9ai 
wPi  ■ 

iHflfll  TYPE PUT? n 
12* ACCENT   996,   OPTYPE 

irfL0TYPE.EÜ.fVESn            CO   rn 14* 
14* 

0«? 

,>IRITE(6>9a2) 
mPKATM    TAUs4.«.W«19«flfRHSs4 .■ IIMI res» 

16* 
17PI 

♦ •   SPECIFIED   NOW! M) 
ACcrPT   9*J.    TAU.M.RMS 

18* 
19* 

903 
^4(* 

ro»MÄT<r»i»F) 

20* 
91* 

IF(RHS.CO|0'I)        RMS«4,0 

22* 
930) 15? 

GO   TO   16* 
yRTTrtf .9*37) 

?4lii 
9b* 

907 rORMAT('♦ALPHA   ■   '•!> 
ACCEPT   998.   Al PHA 

26* 
?7Ct C   ••••• 

irULPMA.Ea,*,)   GO  TO   15* 

2B* 
99* 

17« rHICH»l,/(2,#TAU) 
r( AC«6.»N/(TAU«69.) 

3Ü* 
31* 

LLAC«iri<(fLAG*,5) 
LAGBLLAG-I 

32* IFCOPTYPE.EQ.'YESM            CO  TO 
URTTrfft.9i?S)    L^AT. 

190 

34* 
JS1* 

90fl 
18* 

rORMATC^LLAG   «• ,1*,/) 
i.,RITr(6.9«J9) 

36* 
^70 

909 rORMATC^FlLES?   »,$) 
ACrfPT   906.DPFII 

38* 
39* 

irtOPFlL.EO.'NOM   GO   TO  190 
MB!TF<«.919J 

40* 
410 

91* FORMAT('*PSO FILE NAMEI   »,$) 
ACrrPT   996.    TNI 

42* 
4.1* 

IFtF'l.NE. '   •)     CALL   0FILE{21< 
'RITE(6,911) 

FN1) 

911 FORMTC^ROAO   FILE   NAME»   »|J) 
AfiCiEI »96,  FNS 
IF(rv2. NE,'   •)     CALL   0FlLE(22»FN?) 

M  
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48PI 
49?. 

99* 

512L 
5ÖC. 

«0«» 
AIL 

A1Z. 
6b? 
66(* 

A9(» 
70? 
71? 

7J? 
74? 
75? 
242. 
77^ 
7J^_ 
7«C, 

fli? 

fl4_? 
85PI 
Mi. 
«7? 
W6? 
99? 
9£g- 
91? 
92?. 
93? 
54iL 
95? 

73 

19? TMlt« 

Kfc'f        C   •••••   Slf.MAN   Af-U   ST,    ÜFV.    ARE   COMPUTED 
Hl^        m «;tr.MAN«RMS>SPRTM.-EXPr-2.»AI PHAtTAU)) 

»A»exP(-ALPHA«TAU) 

C 
r 

riSPLACEME^TS   ARE   OBTAINED 
r£flja CAUSSIANJ RAMOOH NUMBERS 

MMilM-1 

"0   210   I'l.NN 
CALL   CAURNCiiV.MCI 

2i?        suM»5;uM*Dx(n 
 ItMA&glüfiZüü  

PO   2?0   I«1.NN 
PX(l)«nX(1)»XBAR 

67^        22? ?ÜHl»SüHl*nX<I) 
AA? yftARAS«SI'Mi/NN 

FACT»1. 

23? 
C   »J 

X(l)s0. 

c  ••••• 
J2l4i3  

y(I)»DX(I)*X(I-l)»AA 
RMS   IS   COMPUTED   AMP   ADJUSTED 
TO  DESIRED   LEVEL 

no 2*>to I«I»N 
X(I)«FACT«X(I) 

25J1 SUMX?»SüMX?*X(n«X(I) 
AH MS»SQKT(SUMX2/>)) 
FACT'RMS/AHMS 

26? 

IF'Y.EO.l.) CD TO 240 
A^U T a - C OVAHIANCE COMPUTATION 
MP0|hT«N 
DO 2Wa I«1,LLAC  
SX»?, 
M«I-1        
fX«.'>(P0INT-M 

no   270   JiltNX 
>fM»J  

27?            SX«SX»X(J)»X(K) 
25^. RXJ1) »SX/FNX 

PMSiSCRT(t<X<l) ) 

97? 91?       F0P^AT('♦AUTO-COVAR, 
•R^S   »   ,,C18.7/) 

WRMFCA.'?!?)   RMS 
IS   COMPUTEO'/ilX, 

.■^..  
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117^ 
iiöe_ 
live 
i?e^ 

1?4C 
12iL!!L 

128^ 
1252- 
13i)0 
lau. 
1327 
13Jg 
1340 

1367 
1.17C? 
1380 
1392 
14^5" 
JL412. 
1427 

i44? 

R-1646 

7^ 

^98«? C ••••• PQWER SPLCTRAL 0£NS|TY COMPUTATION 
099PI PI«3.14i5V2'6'5 
10i!0 VV«PT/LAG  

W«2,«TAU/HI 
DELF»1/(2»LAG»TAU) 
PX(1)«.5»«X(1) 

■gXiiLAC)»t9#P?<(LLACl 
no 39i0 IW»1,LLAC 

no  2«>0   IP»1,LLAÜ 
.Li" 1 r-i-1 >«( IP-1)»VV 

1PI97        297 SC»SC*RX(1P)«C0S(U> 
1107 P X il^lJ WiC 

307 rRFQ(H-)«(lM-l)»nELF 
spX(i)g,M»py(i)»t4b»px(2) 5 PX(ns.^4»py(i)»t4b»PX(2)  
S>X(LLAG)«,54»PX(LLAG)*,46»PX(LLAG«Jl) 
UU ml   I    A r -I KK«LLAG-3 

Jlft. 
Ü1 

IF(SPX(1).LT,0,)   SPX(l)«0f 
np   310   J«2tKK  
S PX (j)«,54*py(j)*,23»(PX(J»l)*PX(J«'lJ) 
TF (SpX(J)tLT.0.)   SPX(J)«7.  

"IFOPTYPE.NE.'YES» )             WRITE{6.9l3) 
rORfMT« •♦PSt)   IS   riNlSHED'/)  

C.   •♦•«#  SQUARE-FIT "ROUTINE 

kSs^ 
^FsLLA^, 
!F(QPTYPF.NE.'YES«) aaimAAiiii 

1267              914        FORMATC^FUOW   ■   »,S) 
1Z2I IFCQPTYPF.NE.'YESM ACCEPT ^BifLQ" 

IF(FLOw,ra.0.)   FLOW«,0702 
no   .^0   ULLI AC  
rF(FBEO(I).LT,FL«W)   NS«NS*l 

JZZ !F(FPE0(I).GT.FH1GH)   NF»NF-i 
BX(l)B0i 
±lXlilALÜfiüii£jtttU 
MP«NF-NS 

RX(I)«ALOCl0(FREn(!)) 
-ELX.LU»AL.OGlafSPX(I}) 

JÜ 
r.Q   Tn   34t 

1<1' 

^Xd)»;', 

rO^TINUt 

'! 
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152? 
15JUL 
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1AB7 

172? 
12AZ. 
174? 

176? 
112SL 
1700 
179w 

1?20 

1P4? 
18&0 

lfl7? 
1ML 
in9? 

191? 

193? 
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■k »»»tt 

quMx?i?. 
PO 39i8   1«NS,NF 

suMxYgsuMXYMPxm«Rxnn 
1540 SUMX?»SU^X2*<RX( )«»2.) 

f,E«Np»SÜ>'X2-SUMX«SUMX 

B«   (SUMX2»SUMY*SUMX*SUMXy)/DE 

PS""5P. 
1A2P no   JftiJ   I»l#ULAC 
1A3J        36W PSI'H«P<;UM»SPXn)«DELF 
164?        C   •••••   THE   HATA   IS   ^QW   "UTPUT   TO   FILES 
16b? C ANO   TTY   AS   0£&1S£J  
166t1 IFtOPTYPF.EQ.'YESM 
1^7? 9^5 FQRMTM   SLOPE« ' . r6 . 3/> 

WRITE(6,9l5)   AM 

IF(0PTYPf,ME,»YES») 
k    PSiiri.N?;.'.'F  

MRITE(6,916)   AM,B»ARMS. 

1700 916        rORMAT(27X,F6,3,/'   PSD   ««i 

EON   FITS   PTS'» 14. '   THRU',14) 
TFfF'l.EO.»    !J   Gn   TO   4X0 

^22. 
WRITF(21»92B)   AM,B.PSUM»ruOW,FHlGH»NS»NF 
rOR^AT(45X«   »••••   POWER   SPECTRAL'  
•   "E'^SITY   EQUATION 
45y.«    *'.41X.'>'/ 
4t>V#i    •'(<5lX,F6,3,4X, '•'/ 
J51 »'.^X.'PSQ «   '.C   FREQ     '.8X.*»V 
«bV,»    ••,41X,♦•,/, 

Aty.'PnwfH ■ i,.FJ|..4^^  
•Sex.'CUTnFF   rREQl'ENCIES»'./ 
5/y,» LOW-- 'irie.Ai/ 
^BX.' HIGH—    t.Fi0.B./  
50X#»EON   FITS   P0INTSM4,«   THRU»,14,//) 
WRITr(21.921) 

921        rORHATC   THE   FOLLOWING  POINTS   WERE  wISE^' 
♦     !   La  TWE  SQ r!Tt'/l  

MS»NS-l 
WHITE(21,922)    ((rREQ(K)>SPX<K)),K«MS.Mf) 

Q2?      roRMAKXFia.eiFQ.S}/) 

■dh 
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194? 
19^0 

197» 
HäiL 
1990 

2030 

205PI 
2P'60 

2090 
2li£. 
2110 
212? 

2150 
mi 
2170 

2190 
12M. 
2210 
22PX 
2?30 
1210, 
2?5^ 
12^0. 
2270 
22.80. 
2295» 

2310 
2120. 
2330 

2350 
216?L 
2379» 

2390 
2400 
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_i£4_ 
WRITE(21,924) 
FOnMAK///'   THE 
•   fJOT   riTTEOl •/) 
?F(N^.^,1>   CQ   TP 

rOLLOhlINC  POINTS  WERC 

41H 
WRITE(21,922) 
TO TO 42^ 

((rREO(K)iSPX(K)),K.l,NS-l) 

2010   41^     wRlTf:(21»9?5) 
2020     925   rpRiATC* ^0 LOWER FREQUENCIES 

42^     IFCNF.fQ.LLAG) CO TO 460 
 VRITF(?1.922) (<FREQ(K).SPX<K)) 

GO TP 47^ 
46^      wmuiiiiiii  

2070  926   FORMATC/' MO1 KICW£R 
l^E^E   DrLFTEO'//)_ 

All CQMm't  

WERE  DELETED»/) 

rREQUENCICS 

C 
48?! ■IfifMiÜliJ '? UAH: 

IFCFNa.EO« 
N£ 

•)   F K'2a1 

S1J_ miiuujtin sp. 
2130 i     XBARAS,rvi,FM2 
2140 927 ISBhälLLJB-SliLlliIiIl  gfliflAl s,t 

F12,7./'   F 
' _f ILL-EM 

ILE   FOR  PSD  PLOT!    • , A5,•.0*1•,/ 
ROAD   PLOT;    ',A5,».DAT'/) 

029 

IFCFvl.EO.» ')      GO   TO   49« 
mLI£(211???)   AS"SfSDiXB*RtXPARASi"6iN 
F0RHAT<67X 
J-3X-' «_JIA^D 

, 'RHS 
ARO   DE 

■••ri2.7./ 

♦      54X,,X-BAH 

♦ 

929 
49? 

45X,»START 
5SX, 'NUHBE 
ro»HAT(l0F 
TFCF' ZjEfliJ 

AFTER GAUSS ■,»F12.7,/ 
AFTER SHIFT »',Fi2.7i/ 
ING NUMBER FOR RAN(Z) *',l4,/ 
R OF PPINITS i» ,16)   
12 6) 

iA«',F6.5f 

tHfjllFlilJ 

WRITE(22,9 
93?! F 0 RM^TllX.,. 

♦ •    MC«',I«i 
♦ »    TAl'^'tFi 

no 90f i«i 
wRlTr(22,929)    (X(K),K»I>9,1 ) 

9999   TALL EXIT 
99^   FQPMATCA^)         

M CO TO 9999  
U,FN2,AM,NC,ALPHA,TAU.RMS 30) TA 

F/1X>A5,,.DAT--SL0PE»*,F6t3, 
• ALPH 
.1, ' R 
3 *M,1| 

^ÄiL 

997 
99« 
099 

FORMAT(I) 
FORMAT (/_)_ 
FORMAT^/) 
FNn 

:: 

mtm 

Reproduced from       ß^k 
be»(  «v«ilab!e  copy, ^jy 

I—M< I I . 
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2410 
2420 SUBRHUTINE CAURNO(V,NC) 
2430 
2440 

COMMON SO 
V«0, 

2450 
2460 
247?l ina 

HO 170 I«1,NG 

2480 
94M 

no 110 I>iii2 
A«RAN*(?) 

2900 1)0 
VtV-A. 

2520 
2532 

V«V»SD 
PETüBJi. 

(j 

■^ 
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APPENDIX B(Documentation  for VEH) 

I.    DESCRIPTION:    This program,   in its original  form, was also obtained 

from N.   R.  Murphy, WES.    It  Is a non-linear,   time-domain wheeled 

Ji vehicle simulation on a digital computer,  a POP 10. 

D 
:: 

II.     INPUTS AND OPERATING   INSTRUCTIONS: 

A. Prior to execution:    The vehicle constants must be entered 

In Subroutine DATA (see Appendix C) and the tire load- 

deflection curves must be on hand. 

B. During execution: 

1. Name of  input file  (Road  file created with NOIPSD). 

2. Desired Delta-L:    This should be a multiple of the 

input profile spacing. 

3. Name of vehicle to be simulated. 

1*.     Options.    Answer YES or NO. 

a. Absorbed Power. 

b. Detailed output file? 
n 
l\ (1) YES causes program to ask for file name, which 

should not be more than  five characters  long. 

(2) NO causes program to skip the ab've question 

and no output  file will be created. 

c. Peak accelerations. 

d. Driver motions  (only asked  if vehicle  Is a track) 

e. RMS of all accelerations.    (This must be answered 

YES  if PWRPLT  is to be used   later to plot  the 

- 
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absorbed power, 

f. Ttr« deflections. The program will type out the loads 

on each axle, front to rear. Enter the deflection 

caused by each load on a single tire. 

5. Vehicle velocity in miles per hour. 

6. Teletype printout time Interval In seconds. 

7. Time and absorbed power only? Anser YES or NO. 

a. YES causes the program to type out only time, absorbed 

power, and average absorbed power for each interval. 

b. NO will cause the normal printout format to be used. 

8. Stop? Answer YES or NO. Program will stop on entry of 

YES. 

III. OUTPUTS: These depend on the options selected. Assuming all 

are desired, the outputs will be as follows: 

A. To detailed file: 

1. List of THRESH and GAMMA. 

2. Vehicle velocity in HPH and inches per second. 

3. Delta-L. 

U. Delta-t. 

5. Number of steps in RKG integration. 

6. RKG step size. 

7. The input profile ide itlficatlon. 

8. Time, profile input point, average power, absorbed power, 

and vehicle motions at each step. 
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B.    To teletype:    Basically the same  information as above  Is print- 

ed out on the teletype, except that the time.   Input point, etc. 

are printed out only according to the teletype print-out  inter- 

val specified earlier. 

IV.    SAMPLE EXECUTION: 

^ R-I61»6 

m * i i 
I 
I 
0 
0 
Q 
i: 
ii 
D 
ii 

ii 

ii 
0 
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1 IV. SAMPLE EXECUTION: 

A. Normal: 

■ 

ü 

o 

o 

i 
i 

.EXECUTE  VEH 
FORTrtAN:      VEH 
LOADING 

LOADER   9K  COHE 
EXECUTION 

EILE  NAHE  OF   INPUT PROFILE:   ROADX 
DESIRED DELTAL:   I. 

mm  OF   VEHICLE?   MI51 

DO YOU  WANT  THE FOLLOWING  OPTIONS? 

ABSORBED  POWER?  YES 
A DETAILED  OUTPUT  FILE?   YES 

FILE   NAME»   FILEX 
PEAK  ACCELERATIONS?   NO 
RMS  OF ALL  ACCELS?   YES 

FROM FORCE-DEFL  CURVES  FOR 
M-I51   JEEP   TIRES,   ENTER  DEFLECTIONSi 

LOAD   =     581,071        .82 
LOAD   =     6?.i,?.A^        .8^5 

VEHICLE  VELOCITY  IN  MPHl   10.0 
TTY PRINTOUT  TIME   INTERVAL!   .2 

TIME  A  POWER   TYPEOUT  ONLY?   NO 

VELOCITY: 10.00   MPH   (17<;.^0  IPS) 
DELTA-L:| .0/10       DELTA-T:rf.lW57 
NSTEPS=        5 H=.001 136 
VEHICLE   IS:   M-151  JEEP 
INPUT  PROFILE  IF: 
ROADX.DAT—FILE  FOR   VARIABLE MEASUREMENT   INTERVALS 
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A.    Normal:(continued) 

DISPL y/ELOC 

TIME:   0.000      INPUT:     0.000 

HCCEL RMSAC 

MBSORBEO POWER:     0.000     0,000 

C-G 
PITCH 
AXLEl 
AXLE2 
STOP? 

-1.1760I 
-0.00086 
•0.82000 
-0.86500 

0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0,00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 

NO 

TIME:   0.205      INPUT:   -0.209       ,U>S0RBED POWER:     0.140     0.041 

C-G 
PITCH 
AXLEl 
AXLE2 
STOP? 

-1.22561 -3.25482 -0.21239 0.15562 
-0.00026 -0.13723 -2.62326 2.13225 
-1.06928 -8.41071 1.23916 0.45973 
-0.86037 1.79340 0.04520 0.09609 

NO 

TIME:  0.403     INPUT:   -0.549       ABSORBED POWER:     0.515     0.231 

C-G 
PITCH 
AXLEl 
AXLE2 

-1.09423 
0.00089 

-0.72493 
-0.8024^ 

-1.51579 
-0.05403 
-0.32713 

0.23447 

0.12303 
2.84386 
0.13655 

-0.15274 

0.23038 
3.34899 
0.65754 
0.12382 

STOP?  YES 

EXECUTION TIMES 29.27  SEC. 
TOTAL ELAPSED  TIMEt 3 MIN.  57.30 SEC. 
NO EXECUTION ERRORS DETECTED 

EXIT 

Ü — 
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B.    Abbreviated: 

•EXECUTE  VEH 
LOADING 

LOADER 9K CORE 
EXECUTION 

FILE NHME  OF  INPUT PROFILEi 
DESIRED DELTALt   1.5 

NHME OF  VEHICLE?  M151 

ROADX 

DO  YOU WANT  THE FOLLOWING  OPTIONS? 

ADSORBED POWER? YES 
A DETAILED  OUTPUT  FILE?  NO 
PEAK ACCELERATIONS?  NO 
RMS  OK ALL  ACCELS7  NO 

Fj;OM FORCE-DEFL CURVES FOR 
W-151  JEEP  TIRES,   ENTER DEFLECTIONSi 

LOAD  I     581.071 
LOAD  s 

.82 
«523.249       .8^ 

VEHICLE VELüCITY  IN MPHi   10.0 
TTY  PRINTOUT TIME  INTERVAL!   .1 

TIME i POWER  TYPEOUT ONLY?  YES 

TIME ABSPWR AVEPWR 
0.00 0.00 0.00 
0.10 0.05 0.01 
0.20 0.19 0.04 
0.31 0.73 0.18 
0.40 0.78 0.50 
0.50 0.61 0.38 
0.61 0.88 0.43 
0.71 0.75 a.50 
0.80 0.89 0.52 
0.90 1.C4 0.64 

STOP? YES 

EXECUTION  TIMEl 39.78  SEC. 
TOTML ELAPSED TIIO 1  MIN.  57,87  SEC. 
NO EXECUTION  ERRORS DETECTED 
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V.  PROGRAM LISTING: 

«IP. 

03P 

ill 

c 
c 
c 

>••   STORAQC   ALLOCATIONS 
NOTfl  THE  FOLLOWING  CONMON  STATCMFNTS 

MUST   APPEAR   IN  EACH SUBROUTINE 
—ftftMHftN rQRflMr(n.rowcT(7).rQRCict6^rnBCu(6 i ^ 

P7P 

CO'ih-ON   SPDEF(6)iOSPSr(6)iTHRESH(200)iSIGHA(9) 
•rOHMOM   VAR(lB).Y(260).PXqVAR(9).OAMPf6) 

060 
COHHQN   ACCISS(9)»ACCGS(9),ACCMAX(9).ACCH! 

"rnMMniü  SHMPMS(o>.RMS(g).iFN(ian.MA8S<6) 
N:9I 

100 
it i 20 

112. 
140 
122. 
160 
12£L 

COMMON H.T.DELTAT»OELTAL>VELlPSiVELHPHiNS 
~rn^N YtM.nPVHAX.nRVMl^.ABSPwR. G^MM A (2 0_0 

COMMON D:SORV,VELORV,ACCORV»RMSöWV~ 
-ftOMHnN tFPWP.irrtLg.tFPArn.TFnRV.iFRMS  

COMMON NY,IDF,NAVIES,NSEGS»IFHOR2,FNAHE 
'mMMON FMA^g.TMRTlA.HnRHQM.DRVLEN  

COMMON VEHQIO<2),PROFIL(260>.PASTPC260).I 
"cn^nN YYr^).MFinHT(a) 

TEPS 
I 
^#- 

NOEX 

160 
190 
?00 
gl0 
220 
2M. 

COMMON   SLIMIT(4»?)»SSL0PF{5,3),SINT(5»3) 
•rOHMnM   m 1M!T(9.3) .DS| 0Pn?.3) tDTNT(3,3)  
niMEN'SlON  ORlVER(4)«IOPTm.NYTEHPC3)  
DIMENSION  FIO(12)tXTNAHE(4) 
niMENSlON  FK<18)<P(lB).Q(iB)iPV(9).PHRFK<9l 

?40 

n I MEMS I ON PP(9)iQ0<9) 
REAL   LFN.MASS,INRTIA 

.. 
-QUIVALENCE 
FQUIVALENCE 

?60 
221. 

<ISETUP»NY> 
<DR|VER<i>.D!SORV) 

260 
222. 

EQUIVALENCE   (IOPT(I)IIFPWR» 
DATA   XTNAME/'M151»i*M35».»    t •/ 
MQiiINt 
IYFSB'Y« 

300 IFSTOPa'N' 
ZU C  »#«>#   VAR1ABIE   INITlALIiATTOM 
120 
230 
34»" 
222. 

DO  100   I«li9 
PWRVAR(n«0j^ 

S60 

OQ(I)«R, 
ACCISS(I)»0. 

360 

SUMRMS(I>«0, 
«n)«0. 

400 
HL 

110 

ACrMAX(I)«0, 
ACCMIN(1)«0. 
CONTINUE 
ACCDPV»0. 

420 DO 110   I«lil8 
430       110 VAP(n«0. 
440 
i5L 
460 
470 

T»0, 
SDVRMS'gt 
ABSPWRski, 
nRVMAX«0, 

480 
.490. 

DRVMIN' 
VIN««^ 

¥, 

«MM ■  -- 
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900 
910 

M«.0(?1 
OELT*LM, 

920 
19^0 

JSTQP«! 
\'STOP«0 

1940 
1950 

TPRIN'T«0, 
C •••#• OPPN INPUT FILE AND READ PROFILE 

•960 c •••## ^PACING ANö otn^ IDeNTlPtÖATIo^ 
1970  \4HinUi9M)  

7CT     ^0RM*T('  FJUE NAME OF INPUT PROFILEI   M) 
 *lhQ{5,996)   FN2 
"~"   TflfnrXfp •> GO TO 
    CALL  IFILE<22»FN2) 

960 
990 
600 
610 
620 
630 
AiSL 

■nr 
rALL FlLINiriD»JS»SPACINCil) 

C  ••••• VEHICLE   CONSTANTS  REAQ-IN 
120 URITrt6»9g2) 

i 

i m 902      FORMAT(«*NAME   OF  VEHICLE?   »I$) 
REAQ{5.996)   TNAME  

—m 

670 DO   130   I*l»4 
TF<TMAME-XTNAME(M)l30<140.i30 

690       130 CONTINUE 
iM—. HRTTE{fti9ga)   XTNAHE ^ 
710           903      FORMATC   THE 
720 ♦     4(?X.A5)) 

AVAILABLE VEHICLES  ARE|« 

730 CO  TO 120 
^40      140 r.o rn <i90.iA0.i70.iB0) ! 
750       190 ASSIGN  400 
'^0        GO   TO  190 

TO ISUB 

770  160    ASSIGN 410 
IM CO TO lif 

TO ISUB 

790   170    ASSIGN 420 
000 SO TO 190 

TO ISUB 

810  160    ASSIGN 430 
020   i^  CONTINUE  

TO   ISUB 

630 
£42. 

SELECTION  OF 
WRITF{6,904) 

OPTIONS 

850 

870 

904       FOPMAT('   DO YOU  WANT  THE  FOLLOHINC» 
*     «   OPTIONS?»//»   ABSORBED  POWER?   '.S) 

REA0(5,995)   IFPWR 
WRTTF(6»905) 

890 909       FORMAT('*A DETAILED OUTPUT FILE?   »if) 
Mi REAQ(S.999)   IFFILE 
910 
090 

IF(IFFILE,EQ.»NM 
^R!Tnfti9P6> 

60 TO 210 

930 

990 
162. 

906   FORM'TC«*  FILE 
ACCEPT 996. FN1 

NAME»   »,$) 

CALL 0FILE(21,FN1) 
212 HRITE{6>9g7> 

970            907       FORMAT('*PEAK  ACCELERATIONS?   M) 
SM REAQ(S.999)   IFPACC  
990 IF(I,LTI3)     CO   TO 215 

 - m^- ■■"-^■—'"^'i- 
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n 
^ 

1M£. 

1050 
12M. 
1070 
i0fl0 
1090 
1100 
1110 
112* 
1130 
1140 
1150 

117* 
lib? 
1190 
IIU 
1?10 
1220. 

1?70 

1290 

1310 
mi 
1330 

1370 
1?B0 
1390 
1400 
1410 
1420. 
1430 
1440 

R-I6J»6 

86 

aailLLfLiAttU 
1010     909   FORMAT('♦DRIVER MOTIONS? ».$) 
uaa RE:An(5.99S) irnRv  

211. 
GO TO 216 

21« WRITr(6»909) 
rOPMAK t»RMS OF ALL ACCELSt LlU 
PEAD(5,995) IFRMS 
CALL DATAd)  
INITIALIZE 
no ??.Q  I»l 
PASTP(I)«0. 

PROFILE 
NY  

ARRAYS 

220    PROFIL(I>«0i 
 MYTrMP(l)«0. 

MX. 

NYTEMP{2)"(LEN(1)*LEN(2)-LEN(3))/DEUTAL 
MYTEHP(3)«(LrN(l)»LEN(g)*LEN(4n/OELTAL 

VEMICLF RUN VARIABLE INPUT 
U«ITE(6»911) 
tSmiiO.   VEHICLE   VELOCITY   IN  HPHI    «.I) 
REA0(5.998)   VELMPH 
WR11116,912) 

1230            912       F0RM4T('*TTY  PRINTOUT  TIME   INTERVAL 
1240 REAü(5.99B)   TIP  

I M) 
  

1250 WRITE(6,913) 
1260     913   FQRMATC TIME 

—^ 

i  POWER TYPEOUT QNLYT t,$) 
REA0(5,995) OPTYPE 
TIME STEP AND RKG TIME SET-UP 
VELIPSsVELMPH«17,6 
DELTAT^DELTAL/VELIPS  

■^ 

m^^—^^m^^ 

■ 

NSTEPS« 
TEMp.NS 

DELTAT/H 
TEPS 

H-OELTA 
OUTPUT 

T/TEMP 
SCALING 

1S50  230    nO 240 I«lilOF 
1360   240    ACCGS(n»ACCISS(I)/366. 

ACCCS(2)>ACCISS(2) 
ABSOPSFD   POWER   CALCULATIOM 
ABSpWRs 

JLLLLiM 
0L 

ABSPWRi^lgg^pWRVARCD/T 
CALL  AVERACE(ABSPWR»AVEPWR) 
IF(irDRV.EQt'N') CO  TO   260 

1450        C   •••••   RM5   CAL 
1460       26^1 IF<IFRM 

niSDRV«VAR(l)*DRVLEN»VAR(2) 
VELnPV.VAR(lOF»lWDRVLENnVAR(IDF*2) 

CULATTON 
S.EO.'NM GO  TO  290 

mmt mir- MM Mik> 
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1470 

1920 
1930 
1940 

87 

PO 270   I«1.1CF 
SUMRMS( 1 )«SüHRMSn ) »ACCCSC1 )••? 

1490 
1900 270 

»»Msm-0, 
iFd.NC.e.) RMSm«SORT<SUMRMSm»DELTAT/T> 

1510 
1520 

280 IFeifORV.EO.'N»)       GO TO 300 
SDVRMS.SOVRMS*ACCDRV»»? 

1530 
1540 

RMSDRV«0, 
TF(T.NE.C.)     RMSORV«SQRT(SDVRMS»0CLTAT/T) 

1550 
1560 

C ••••• 
300 

PEAK ArCELFRATlON CALCULATION 
IFUrpACr.EQ.tN»)       CO TO 32^ 

1570 
15fl0 

PO 310 I»1»I0F 
ACCMAX(I)«AMAX1(ACCMAX(I).ACCCS(I)) 

1590 
1600 

310 
320 

ACnMlN{I)«AMINl(ACCHlN(I)»ACnCS(T)) 
IFdFORV.EO.'N')        CO TO 340 

1610 
1620 

nRVMAX*AMAXl(DRVMAX,ACCORV) 
nRVMlNsAHlNl(ORVMIN«ACCDRV) 

1630 
1640 

C ••••• 
34^ 

PROFILF INPUT 
CALL FILIN(FID,JSTOP,SPACING,2) 

1650 
1660 

c  ••#•• 
350 

PROCPAM OUTPUT 
IF(IFFILE,EQ.»Y») CALL FlLWRT<FID»NPLi 

1670 
1660 

♦ FNP.AVEPWK) 
IFfT.LT.TPRINT)  CO TO 360 

1690 
1700 

CALL PRINT(FI0iIF3T0P,0PTYPE.AVEPHR) 
TPR1MT»TPKINT*TTP 

1710 
1720 c  ••••• 

IF(IFSTOP,EO.»Y')       GO TO 51J» 
MAIN PROGRAM 

1730 
1740 

360 
C ••••• 

CALL SMITT 
SHIFT ADVANCES THE  Y  PROFILE ARRAY 

1750 
1760 

lF(jsfo^LÖ,2) CO To idd 
PROriL(l>«YIM 

1773 
1780 

INHEX'-NSTEPS 
Lür.?#iüF 

1790 
1A00 
lftl0 

370 

380 

DO 3*0 J«lilDF 
K«J*IDF 
PYrJ)»VAR(K) 

ll«20 
•11130 390 

HO 390 I«1,NY 
Y{n«PASTP(n*((!NDEX*NSTEPS»l)« 

1M0 
in50 

* 

400 

(PROFlLtI)-PASTP(I)) )/NSTEPS 
DO 440 I«l.4 

1*60 
lfl70 

CO TO 18118,(400,410,420,430) 
CALL WHEELS(FK.NYTEMP) 

1*80 
in90 410 

CO Tn 440 
TAU WHEELS(FK.NYTEMP) 

1900 
19171 42!" 

CO TO 440 
CALL M60(FK) 

^12. 
440 

GO  TO   440 
TAU   M113(FK) 
CALL  RUNCE(P,Q#VAR,FK,LOF,I) 

iia—ii ■■" a .  
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i9gr ^o m Mitipr 
i960 
liZL 
91960 
1UI 

J1L 
ACC0PV«(ACCISS(],)4DRV|.eN«ACClSS(2))/SSev 

IFdFPWR.EQi'NM CQ TO ill 
2(100 
IfiJLL 
1120 

2m. 
47B 

DO  470   I«l,4 
TALL  PO^gjPW^K)   
CALL  RUN&eiPPfOQ.pWRVARfr.tRPKffi!) 

2040 
2fi2L 

TF(IMOEX.NC.0) 
TtT^DELTAT 

CO  TO 370 

2060 
utti 

GO  TO  23(! 
FI^AL OUTPUT 

2000      5f0 CALL PRINT<FIO»irSTOP,0PTYPE) 
mi       51B !FnrPACC.EQ.*YM CAU   PgAKACCNPD 
2100           999       FORHAKAl) 
g<10 996 FORMTE?? 
2120 
till 

997 
tf0 

FORMAT(I) 
tmkun 

2140 

2160 

999 
9999 

rOPMAT(/) 
CALL'EXIT 
ENO 

■-^■~--  
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D 
0 
Q 

049 
Ml 
060 
£20. 

100 
iJJL 

160 
4J0L 

200 
214. 

040 
2M. 
260 
121. 
260 
220. 
300 

010 
020 

040 

060 
120. 
060 

100 
11£. 

140 
1U. 

R-ia6 
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010 SUBROUTINE   F1LIN(FID.JS,SPACING,H) 
020       C   •••••   THIS  SUBROUTINE   READS   A   NEW   INPUT 
IM        C   ««••«   VAlur    (YINi.   AND   CHECKS   FOR   TMH   QF   FILE. 

niHENSiQN rirdZ) 
niMEMSIOM FYIN(IB) 
OATA FY1N/Ig«g./ 

080 
£20 IM. 

IF(N.LT,2) 
TYK[V-»MM 

GO  TO   130 

11" IF(IY,GT,10) 
YINfFYTNtlY) 

GO   TO  120 

120 RETURN 
law       13W PFAn^P.Qgg) {FYIN(ntI«1il01 
140            900       FORMATdPF) 
4M IFtrnFC)  CQ TO 9999 

lY«iY-ie 
GO  TO  112- 

180       IS?* UIRITE(6>901) 
|M 901        FORMATC*   DESIREO   OELTALI    '. f) 

READ(5,998>   DELTAL 
BUaiJttAÜU  SPACTNCt{riD(niT«lil2>i 

220 ♦     (FVIN(J)iJ«1.10) 
f3fl 90?        FORMATdX.F/iX.lgAg./lglFI 

MMt-DEUTAL/SPACING 
JIM  

9999 
RETUP 
JIM 

N 

99H 
RETUR 
FORMA 

N 
lill 

C  ••♦•# 

END 

SURROUTINE   RUNCErP'Q'X,FK,M,N) 
THIS  SUBROUTINE   IS   THE  RKC ALGORITHM. 
DIMENSION  P(l).Q(l)<X(l),FK(O.Af4).B(4; 
DATA A/,5i.292893219i 1.70710678M 166666( 
DATA B/2.il..l.,2./  

x£l 
67/ 

J 
DATA C/,5i,2928932l9.1.70710678,,5/ 
TA«A(N)  
TB«8(N> 
TC»C(N> 
DO 1^0 I«1«M 

TB*Q(1)) 
120       y(i)«x(n*P(i) 
121 IM 0(M«Q(n*3.>P(M.TC*FK(n 

RETURN 
HOL 
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919 
020 
IM. 
040 

060 

060 

101 

I2f 

141 
4S0- 
160 

200 
212L 
220 
230 
24P! 
2571 
260 
97W 
280 
290 
300 
212L 
320 

340 

360 

380 

400 
A1SL 
420 

440 
AM. 
460 
ÜB. 

R-I6W 

90 

c 
tilll 

SUBROUTINE   DATA(M) 
THIS  SUBROUTINE  CONTAINS   THE  VEHICLE 

PARAMETERS»    IT   ALSO  CALLS  r.AMSUB 
PIMENSION  ISETUP(5)j£5IfiilAIixlL 
niMpfigTn>j n\/rHrLf9.4).nTHRSH(9.4).DGAMMA(9.4il 
OIMENSrON  OHASS{6,4),OVAR{9,4),DLEN(10|4) 
ntMrMSinM nrMASSf4).nrMRTA(4>.nDR\/LNM)  
01 MEN'S I OM USLIM(4,3,2),DSSL0(5,3I2) 
ntMrMSTQN nS!NT(5.3.2) 
DIMENSION  OÜLIM(?,3,2),DnSL0(3,3,2) 
QJLM£MAIXm r)DTMTta.3.2)  
DIMENSION 0R(2) 
TNTPf.EP nSETlJP(5.4) 
REAL  LEN,MASS,INRTIA 
FQIIIVAI ENCF   tTSFTUPd) .NY ) 
OATA  DVEHCL/10HM-151  JEEP#10HM-35  TRUCK» 

:i0HM|-60     TANKtlflHM-lia  TANK/  
180       C   ♦••••   OSETüP»S   ARE   NY,1DF,NAXLES.NSERS(1FH0RH 
SSM DATA   DSETUP/g.4.P.0.^.5.3.a.(H.  I 

50,9i6,5,l»36»8,5,5,l/ 
DATA DTHRSH/9«0..q«a.. 

1 3,5,1, .2i,tU ,2.5,4*V. , 
J—3.?i.9t0.i.9.a.2i4*fl.d. 

DATA DGAMMA/9»0.i9«0.» 
4—.iflfln..47is..«iflaH..47m...iAa^..4«arf 
1  1500. #?K)00.* 3300. ,2000.11500.. 4*0./ 
 DATA D<;iGMA/9#0..Q«0..  
1  3145.M670 .0,.-1670.,-3145.,4»0I, 
1  l5Cni..7^0..ffi. .-7CW. csiaaL« .4*aT/ 

DATA DLEN/44.3>40.7,8^.,ll3..39,,24,,24,,6«l0.i 
77..44..11..-3g..-55..-aR..4#a. 

I  52.,?4.»0,»-28..-65..5»0./ 
DATA DKASS/.P7..97.4«M.. 

U-L 

1.191.2.08,2,05,3»0..6»0,,6»0,/ 
HATA aFMASS/?.58.lB.6.0..0./ 
DATA DINRTA/3282.,90876,i0.,0./ 
DATA ÜRRVLN/PI. .M..?5. .95./  
DATA OVAR/9»0,,9»0.» 
-5.79.-.0eB9.-.9ft6i- XL 

1  -.942.-»9l3,-,884,-,856»0,» 
I      -3.75f».0087.».76.-.78.-,76. .73.».&W.g»0./ 

DATA 0?LIM/12«999,,-4.4,-3.65,3.65»4.4, 
■5.7.-5.1.5.1,5.7.-5.7.-5.1.5.1.^.7/ 
DATA OSSLO/15»15^0., 
11771.43,3333.33.1145.2.3333.33,11771.43. 

1  46000,.9333.33.2^09.8,9333.33.4600^., 
1  460^.. 9333. 33, 2509. 9. 9333. 31. 4600^./ 
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480 
122. 
900 
il£L 
920 

940 

960 
SIB. 
980 
3SJL 

HI 

690 
700 
710 
22SL 
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DATA CS«NT/15«0., 
66714.^.7986.65,0.0,-7986.6S<-66T14.3> 

M 

1  2438P0.»34800.,0,0#-34800l*-243800i* 
1  2438^0..34800..0.0,-34800..-243800./ 

DATA OOLIH/4»999,,2«0., 
«.fl.ft.0.A.'*fl.6»0.A.»0.A.fl.A/ 

DATA  D0SL0/9*42.f 
7fl.. 14PI2.. 4a.. 0.. 1583.. 0..0.. 1583..0./ 
DATA  OOINT/9»0., 
-600..0..820..»950, .0..950..,950..0..990./ 

670      130 
Afl£  

970      210 

DATA  OR/15.119./ 
no  ^7lB   I«1.2 

600       100            VEH0I0(I>"0VEHCL(I.N) 
A1Z DO  110   l«lf?  

110 ISETUPdJiOSETUPd.NJ 
DO  120   I'l.IOF 

 LiLMjLLAlfllJÜliLüÜ 
650       120 VAR(I)snVAR(I,N) 
M0 DQ IM I'lrNAXLES 

MASSM)«OMASS(I,N) 
EJumnEMAaixiu 
INRT1A=DINRTA(N) 
nRVLEN.DnRVLN(N) 
IF(N.LE.2)  GO TO 
no i4a I.I.MSCCS 

150 

THR£SH(I)«OTHRSH(I,N) 
SIGMA(I)«DS!CMA(1.N) 

] 

750 
760 

140 CAMMA(I)«DCAMMA(I,N) 
RETURN 

770 
7B0 

190 DO 230 I»1»NAXLES 
HO 1A0 J«1.4 

i 

790 
m 

160 SLlMlT(J.n«OSLIH(J,I.N) 
DO 170 J«1.5 

810 
fl?fJ 170 

SSL0Pe(J*I)*0SSL0(J*I#N} 
SINT(J.n«OSINT(J.l.N) 

'630 
010 180 

00 180 J«1.2 
nL!MlT(J,n»OOLIM(J.I.N) 

650 
160 

DO 190 J>1.3 
nSLQPE^.I)«DDSLO(J.l.N) 

870 
800 

190 
200 

DINT(J.I)«OOINT(J.I»N} 
CONTINUE 

090 
900 

R-OR(N) 
CAM CAHSUB(N.R) 

910 
920 

00 210 I«1.NAXLES 
VARn*2)«-YYri) 

930 
940 

WEI6HT(I)«WEICHT(I)-HASS(I)«386. 
TrrNAXlES.LT.3) 60 TO 210 

950 
960 

IF(I.LT,2)  GO TO 210 
WE!GHTm«2.#WEl6HT(I) 
SPOE^CI)»-WEICHT(I)/SSLOPE(3.1) 



wwwiuaiiP 
—mf^BKim 

R-I6W 

iiafl. 
0990 

1010 
IfiUL 

1090 

ViB«lEN{l?*LENt2) 
Tl«VAR(3)*SP0Er<l) 
T?-VhRM^spngF(2) 

IF»'N.LT,2)     CO TO 220 
T3«vMKs^PDerm 

1030 T2i(T2HEN(4)«T3*LEN(3))/(LeN(3)*LtN(4)) 
UMJ  229 VARtl)«(Tl»LEN(2)4T2*LEN(i))/WB 

VÄR<2)«<T2-T1)/WB 

1070    800  FORMAT(5F10.5) 

1090 END 
■ 

■ 
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01e 
020 
Äi£L 
>040 
£2L£L 
1060 
070 

• 100 

120 

140 
ISA. 
160 
120. 
180 
lit. 

240 

280 
790 
<300 
110. 
'320 

340 
J5Ü 
360 

360 

400 
±L£L 
420 
43^ 
440 
450 

3 
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SURROUTINE   CAMSU8(N,H) 
PIMtMSION  VEHWT(2),Rr(2)iWOr{2),W0R{?.2) 
niMF^JSlON   0(^/30).DPHIME(fl/3P).TMR(g/3P') 
DIMENSION OELTA(Pi/90) 
WEAL   LgNiMASS  
00   100   I«0i30,l 

080       10"            ir((0(I)/R).GT.0,766) 
IM 112 ^SEC?-»!*?-!  

GO  TO  110 

NY«(LEN{l>*LEN(2)*LEN(4))/DELTAU*NSEGS 
KKM-1  
KZrROsI 
P«irN{l>*LEN(2> 
WEIGHT(1)«(FMASS»(L 
WE!r.MT(2)»(((rMASS* 
♦MASS(2)>«386t 

LEIMI» ESiLT.3) r.o  Tn i9a 

EN(2)/0)«MASS(1))*3A6. 
(LENtn/Qn/CNAXLFS-m 

WElCMT(2)tWEIGHT(2)/2. 
■'E1GHT(3)«((<FMASS*<LEN(1)/Qn/(NAXLCS-1)) 

200       i     *HASS(3n*366,/2, 
910   120     URtTF(6.9gg) VEHQ1D 
220    900   FO^MATC FROM FORCE-OEFL CURVES FOR VlXi 
tlj ♦  ?AfJ.' TIRES, ENTgR QEFLECTlONSt '/)  

DO 135 I»liNAXLES 
MRITF(6,901) HEIGHTCI) 

260     901   F0PMAT('♦  LOAD « 
270  139    qE/tO(5,9g2) YY(I) 

,.F8.3,JX,?) 

902 FO^MATCF 
SÜM&-B. 
SUM6»0. 

DO 130 I'0»KKil 
nPPIME(I)»SQRT(R»*2.-D(l)»«2.) 
COSTMETA 
TMR(I)SR 

«OPRIMEd)/» 
-ppRihEm 

OELTAC) 
TFtDFLTA 

»YY(1)-THR( 
(H.LT.g.g) 

I) 
DEITMD'E.E 

SUMiJsSUM5*DELTA(I)»C0?THETA 
J»!»KK»1  
OELTMJ) 
IFfDELTA 

«YY(2)-TWR( 
(J).LT.H.0) 

I) 

SUM6aSUM6*0tLTA(J)»COSTHETA 
Bckiimna 

DELTACJJ 
IF10ELTA 

)«YY(3)-THR 
(JJ>.LT.{|I.0 

(I) 
)        DELTA(JJ)«0.0 

460                          SUM7«S"JM7*DELTA(JJ> «COSTMETA 
470       13^ rpNTlNUE  
480       CSfS*S 

____«_ 
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I 
I 
I 
I 

I 
0 
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0 

0 
Ü 

D 
Q 

Q 

Q 

9^ 

490 SUH5'$UH5*2,-OELTA(0) 
500 
«I» 

SUM6«SUH6»2.-DELTA<KK*1) 
SUM75SUM7«2.-DELTA(2«KK*2) 

920 
930 

SPKF«WEICHT{1)/SUM5 
SPKRliWElCHT(2>/5UH6 

940 
950 

SPKR2i0,0 
IF(N.EO.l)     nO   TO   136 

960 
970 

SPKR1«2»SPKR1 
SPKR?«2»WEICHT(3)/SUM7 

980 
990 

CSSSfS 
136 HO   140   I«KK,0,-1 

600 
«10 140 

THPESH(K2ER0-I>«THR<I) 
THRLSH(KHERO*I)«THR(I) 

620 
630 
(1401 

00   150   I'l.NSECS 
THRESH( I*NSEGS)»THRESH(I) 
.JsT*9»WSrGS 

650 
«60 

150 
CSfStS 

THRESH(J)«THRESH(I) 

670 HO   160   I«»KK,P,-1 

690 
700 

JJ«K?ERO*I 
COSTWETA»DPRIME(n/R 

710 
72PI 

r,AMMA<J)«SPKF»COSTHETA 
r.AMMA(JJ)iGAMMA{.n 

730 
7401 

J1«J*NSEGS 
JJ1«JJ*NSECS 

750 
Thlfi 

GAMMA(Jl)iSPKRl«COSTHETA 
r.AMMAf   IJ1 Ur.AMMAf.ll ) 

770 
7801 

J2«J1*MSECS 
JJ9«JJ1*MSEGS 

790 
Hfl0l IA4i 

GAHMA(J2)«SPKR2»C0STHETA 
r.AMMA(JJ2)sGAMMA(J2) 

810 
«901 

csssss 
WRTTr(91 .930)    (M.Dfttl.lal.KMl 

830 
M0I 

930 

♦ 

yiitTri9i.93ii 

650 
»AM 

rORrtAT<//»      I                     THRESHd)' 
1               r,AMMAM>i/Äir. «rBniüTii) 

870 
Han 

CO  240   I«li2«NSEGS 
UBfTr(91.919)    I.THRESUM). GAMMA« tl 

890 
00101 

932 
?49! 

rORKAT(lXiI2,lXi2F15.3) 
ir«t.rATHire«i    URITEOLOSS» 

910 
0501 

933 FORMATt/öX.'REARlM 
TFfM.Pfl-1)      CQ   Tfl   9990 

930 
04PI OS4 

WRITr(?l»934) 
rORMAT(/6X«RFAR2tM 

990 
960 969! 

HO   260   I'2*NSEGS«1*3*NSEGS*1 
WRTTF(91.932)    I . THRESHfM.GAMMA(! ) 

970 
saa.. 

9999 RETURN 
FND 

1   IIIIIIIUMI ■ ^ttT^^ 1     \iik^i^m*u-\  . 
■'^—*-   ■■ 



m. *pu »• • - ■■-  . •••  «— m,x,.mu,^w*  m  .■■. -w^f-rr—-, 

e 

0 
D 

D 
Q 

D 
Q 

0 
Q 
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0 
fl 

D 
0 
B 
I 

■60 

na 
12» 

160 
i2I_ 
100 
l£fl_ 
100 
tlfl. 

t40 
lit. 
260 
211. 
100 

010 
020 

040 
£5SL 
060 
12£. 
060 

100 
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010 SUBROUTINE  PEAKAC(NPL) 
020 C   •••••  THIS SUBROUTINE  WRITES  THE PEAK 
■SU C   ♦•*#>   ACCCLERATION   VALUES  
040 URITE(6»m) 
|M Ml        rQRHi.T('   PEAK  ACCELERATION  VALUES«/9M« 

•MAXIMUH     HINUHUM«) 
WR!TE(6.9S2)   (ACCMAXC11,ACCMlNm . I«i,2) 

000           912       rORMATC1  C-C       •2F9,4,/» 
f£f PO  110   !«1,NAXLE8 

PITCH   •12^9,4) 

J«I*2 
iH WR!TE(6,9S3) I.ACCMAX(J)tACCHIN(J) 

905       rORHAT(*   AXLfMl.lX,2F9,4) 
tF(lFMORZ.EQ.i)     MBULiilliiJ   ACCHAXnOF). 

140 ♦     ACCMlNUDn 
iM 984        rORMATC   HORÜ   ».2^9.4) 

Ml. 
IFdFORV.EQ.^*) NRITC(6|909) DRVHAX.DRVHIN 
fQRMATM DRlVER«Jgr9.4> 
IFdFriLEtEO.'N') 
WRITEC21.901) 

RETURN 

WRITE(21*902)   (ACCHAX(I),ACCHIN(I)fl«li2) 
JM i2g üiyuim  

220 J»t*2 
»30       12« WR1TE(21.903) {fACCHAXW>^CCHlN<J> 

1F(IFH0R2.EQ.1)   WRITE(21»904)   ACCNAX(IOF)* 
♦     ACCMIW(IDF) ,                

iFdFORV.EQ.'Y»)   NRITE(21,905)   ORVMAX»ORVHlN 
RETURN  
END 

C 
.C. 

SUBROUTINE  AVERAGE(X»Y) 
•#•••   THIS  SUBROUTINE  COHPUTES 
##»♦•   AVFRACF   OF   ANY   I^UT   X 

THE 

DATA 
DATA 

N/0/ 
suM/e./ 

SUMiSUM»X 
Y«SUM/N 
RETUPJL 
END 
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96 

0 
D 
D 
ii 

D 

020 
131. 
040 
lai. 
060 
12JL 
000 
111. 
100 
111. 
120 m 
140 

160 
in 
«00 
210. 

440 
AUL 
460 
121. 

SUBROUTINE PRINT{FIO»IFSTOP.OPTVPEIA»») 
THIS SUBROUTINE HANDLES THE TTY PRINTOUT 

DIMENSION 
niMrMSTQN 

V0UT(4) 
QRtvrRti) 

EQUIVALENCE   (DRIVER(l)»OISORV) 
HATA   VlO/HHABSnaagD   PflHgRg/  
DATA HEAO/'OISPL'i'VELOCS»ACCEL'» 
tRMSAC»« » U.  
DATA   IFIRST/P/ 
IFfOPTYPCEQ.'^M CO   TO  176 
IFCiriRST.EQ.l) 

Jt5J  
CO  TO  110 

IFdFRHS.EO.'NM K«3 
MBfTF^.90i)    VgLMPH^Vn  IPS.nriTAi  .OELTAT. 

160 ♦     NSTEPS,H 
111 til PQRHATt///' vctQffiTV'Ps.g,» um I 

F6.2,»   IPS)'/.   •  DELTA-L^'.FS.S.SXi 
nr| TA,T.«.Fft.4/»   »iSTfPS«t.l4.4X.  

•H«».F7.6) 
yRITFI6i9B2} VEHQIDiFIQ 

220 902      PORHATC   VEHICLE   ISi   «ZAS/*   INPUT  PROFILE   IS 
I   VlX.lZAS) 

2M WRtTP<A.9e3)    <HrAnn).Ti1fK>  
240 903       roRMAT(//7X,4(5X,A5)) 
IM imuu  
260       110 IFdFPwR.EO.'NM CO  TO  120 
121 MRtTr<a.Q04>  T.PBnrn M }.vfnf AWSPWR  
280 904       roRMATC/»   TlME'Tfi.S. 
na t ! iNpuT»>r7.ataii.aAg.r7.ai : 
300 CO  TO  130 
211 iaa MRTTF(ft.»04) TiPROFILtn 
320       130 CALL VARFIX(l,VOUT) 
IM WRtTP(A.90g)    <VCUT(t).TM.K) 
340           905      PORHATC/*   C-G 
14« CAH   VARFIXC? 

•»4F10,5) 
VOUT)  

960 
121. 
960 
MB,.,  
400 
111 110. 

WRITE(6i906}   (VOUT(I),I«l,K) 
~,116 FDRHATC  PITCH   UUULMl 

DO  140 
'.'«ZtL 

L"1*NAXLES 

CALL VARFIX(N,V0UT) 
wRtTr<A.o07i uiiaumMiuu 

420            907       FORMATC   AXLE• i U, 1X.4F10.S} 
AM !F(IFHQRg.EQ.0)   CO   TO   18P 

N«N*1 
CALI, VARrmM.vQnn 
WRITE(6»908)*(VOUT(I),I«1,K) 
FORMATC   HQRI?   '.AFIP.S) 
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460 190 IFUFDRV.EO.'NM      60 TO 160 
yftfrrfA.oflot rnffturBMi.fatfK) 

399 
«iff 

to« 
IAH 

rORHATC DRIVER',4Fl0t5) 
URTTr(A.91fl) 

920 
«M 

n« FORMATC STOP? M) 
AcrrPT 096. trsinp 

940 
530 

996 P0RMAT<A1) 
KK.0 

960 
§70 176 

RETURN 
frMFIRST.M-fl»  yRITPlA.OlU 

• 

960 
390 

911 rORMAT(//»  TIME ABSPWR AVERWR») 
iriRST.l 

600 
AUS 019 

WRIT£(6,912>  T.ASSpWR.AVEPWP 
rORMAT(lX.fS.2.2r7.J) 

6Z0 
690 
640 

KK»KK*1 
IF(KK.GE.IO)  00 TO 160 
END 

010 
020 

C ftfti 

SURROUTINE VARFIX(IiVOUT) 
THIS SUBROUTINE IS CALLED BY PRINT 

TO SELECT THE VARURirS TO RE PRINTED. 

040 DIMENSION V0UT(4) 
vnilTfl)«VARM)  

060 
AZJL 

w»I*IDF 
VQUT(2)»VAR(N) 

060 
£UL 

V0UT(3)«ACCCS(I) 
unilTMl.RMSM)  

100 RETURN 
mn  

mmtamtm^.  _^^ 
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SUBROUTINE POWER(FK) 
THIS SUBROUTINE CALCULATES 
'1HENSI0N FKC?) 

ABSORBED POWER, 

040 
Z2L 

U2«-67,743»ACCDRV-1.042*PHRVAR(8) 
lll»>U2^3.246»PWRVAR(6)  

060 
flZfl. 
080 
ait 

UB^Uia.aiS^PHRVARM) 
FKtt)«H«(.gafl73*PWRVAR(2)»PWRVAR(3)) 
FK<2)»H»(-4,99484«ACCDRV) 
FK(3)«M«('i00.>Ug>59.»PWRVARf3n 

100 
112- 

FK(4)«H«(-13,»U1*71,6»PWRVAR(5) 
-53.49*PWRVAR(4)) 

120 
1ZSL 

FK(5)«H»(-100.«U1-47.78«U0) 
PK<6>«H«(^10.»Ug-78.S9«PWRVAR(T) 

140 •55,28»PWRVAR(6)) 
n<miM»(-la.#U2.&.gS9»Ul) 

160 
iJUL 
100 

FK(6)"H«(-677,43«ACC0RV»388.8*PWRVAR(9) 
-46tft7»PWRVAR(a)^ 
FK(9)«H»("67.743»ACCDRV-2,742«U2) 
RETURN  

200 

SSL. 

END 

200 
212. 

e ••••• 
SUBPntiTtMr <;H|pT 
THIS SUBROUTINE ADVANCES THE PROFIlF 

220 00  180   I«NV,2,-1 
230    PASTPM-1 tgg£fl£U LL=3 1 
«40    IM       PRonuniPRoFiuiV) 

■Mi RfTMPM        
260 END 

/^KHMteai-JllitfT!  ,■       __..    . ünaiiirii 11 i      nmmt     - 
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040 
BStSL 
060 
£20. 
080 
090 
100 
112. 

140 
1U. 
160 

160 
iSJL 

220 
2M. 
240 

260 
222. 

320 

340 
m 
360 
222. 

420 
lie. 

460 
12L 
460 
490 

R.I6U6 
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010 SUBROUTINE  riLwRT(riD,NPUirN2,AP) 
020       C  •••••  THIS  SUBROUTINE   HANDLES  THE  OUTPUT 
038        C   fttfta 18   iH  EXTERNAL   FILE 

DIMENSION 
OIMENSION 

HEAD1(6)»HEAD2(2) 
VQUT(lf}'FlD(12) 

DATA   IFIRST/0/ 
DATA  HFAD1/'AXLE1',»AXLE2^«AXLE3».'AXLE4'. 
»AXLESS'AXLEÖV 
DATA  HEAD2/'H.C''G','V.0RV«/ 

120       ♦ NSTEPS»H 
430     902   rORMATt/»« 

IF(IFIRST,NE.0) GO TO 130 
KRTTg(gl.9g!2) VELMPH,VE-L!PS.nELTAL,DELTAT, 

MPH (^6.2,' 
.F^.^,» TNCHFS. 

VELOCITY « «.F6.2. 
IPS) '.TX^OELTA-L«' 
'^Xi'DFLTA-Ty'iFlgiB «FS.Si' INCHFSi,i9Xi,nFLTA-T?,tnfliai  

• SECONDS'.//' RUNCE-KUTTA-CILL INTEGRATION! 
NUMBER OF STEPS«'. I4fIgX.tSTFP SIgE <H)»'. 
E12,«//) 
WRITF(?1.9e)3) VFMQID.FTD 
FORMATf//» VFHICLF IS: • 200    903  FORMATt//' VEHICLE IS: 

2ia t ' PRHFILF IS; «.1gA5) 
2A5,// 

IFIRST«1 
XK»2 
IF(IFORV,NE,'N') 
MEAag(P)»0>  

CO TO 12« 

260 KK^KK»! 
g70   12« IF{lFHqR?,NEfgt? 

WEAD2(1)>HEAD2(2) 
KK«KK"i  

SO TO 1601 

300 GO TO 16(1 
si0  13« ir<NPL.LTigg? gQ TO 179 

140    IF(NPL.CE,54) 
WRtTF{21.904) 

CO TO 150 

904 FORMATdH 
MPLBNPL»! 

) 

t8W 
GO TO 140 

360   160 WRITE(21*905) (HEAOK I), IH.NAXLES) * 
390 ♦  (HEAD2(I)tI»l.KK)  
400            905 FORMATdMl,'     TIME       Y(I)'il4X, 
410 ♦      'V.C-.G PITCH».4X.6{A5.4Xn  

WRITE(21.904) 
MPL»MPL*2 

440   170    DO 180 I«l.inF 
450   18W    VOUT(I)»VAR(n 

J.JDF 
IFdFQRV.EQ.'N') GO TO 19« 
J«J*1 
VOUTU)«DISORV 
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100 

91t       190            WR1TE(21»906)   T,PR0FIL(1)»(V0Ut(I)•l»liJ) 
111 UA ^QWhAT(aXfF7t4rF0,gf'     P1?PL ',%*r9t*} 
620 
IM. 

900 
122. 
400 
A12. 
020 
030 

00 200  I>liIDF 
K«l»IDr 

940       20? VOUT(I)«VAR(K) 
14« inirpRV.EQ.'N'? gQ TP 21« 
900 VOUT(g)"VE|,ORV 
970       210 WRITE(21i907)   AP, (VOUK Di !"li J) 

730 

770 
ÜUL 

907       FORMATC   AVEPWR« ' »F0,2, • 

TfS        voürnTvÄcWsllT 
IFdFDRV.EQ.'NM CO  TO  »0 

VELOC1TYM0F9,4) 

VOUT(J)«ACCD«V 
230 IF(IFPWR,NE,»NM 60  TO 
 MRiTF{?ii?Ba) (vniiTn)tiMt.,n 

240 

090           909       FORMAT(10X.,ACCELERATION*I2X,10F9.4) 
iAfl tifl-TQ  290  
070        240 WRITE<21>909)   ABSPWR,(VOUT{I>»I«1,J> 
lÜ QflQ FORHAT(,  PQWFR«,tF6.2.' ICCU       tilBF9, JLL 
090       290 NPL«NPL*4 
7fl0 IFMFRMS.EQ.'N' ) RETURN 
710 00 260  I*liIDF 
UM        80« VQUT(n«RMS(I) 

IFdFORV.EQ.'NM 
VOUTM^RMSDRV 

GO TO 270 

790       270 WRITE(21f9l0)   (VOUT(I),I*l*J) 
Mi Q1W        FQRMAT{16X.'RMS   ACC   '.10F9.4> 

NPL«NPL*1 
RETURN 

790 996       F0RMAT(A9) 
AM um  

^^mmm 
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04* 

060 
Z2SL 

100 
lit 
120 
ill 

160 
17W 
180 
190 
200 
ZU. 
220 
22*L 

260 
21SL 
2d0 
221. 
300 

320 
330 
340 
224. 
360 
21S. 
380 
ji££L 
400 
ill. 

440 
i£0L 

460 

101 

010 SURROUTIWE   WHEELS(rK»NYTrMe) 
020       C  ••••/  THIS  SUBROUTINE   IS   THE  GENERALIZFO 
420 f!  ttftt  '''MFFim  VEHITLE  MnOFI  

OIMENSIOM   TEMp(3),rK(18),NYTEMP(3) 
PEAL LENf«AssfINPTIA  
DATA   IFIRST/P/ 
PFSUI TING   AXI E   FHRCgS 

080        99 00  110   l3l«NAXLES 
090 ropcwcnsa.  

no  Iff  Jsl.NSEGS 
JtiMJiMSlSMtlU  
JJJsJ*(I-l)»NSECS 
TEMP^SY(JJ)-VAR(?»I)«TMRESH(JJJ) 

140 IFtTEMPß.LT.P.)   TEMP0sn,p 
ISA      IM rQPCw(n*FQf<CWn)*CA"MA(JJJl»TrhPg 

110 
C »f»*» 

CONTINUE 

•IU«LFN(3)*LEN(4) 
IF(Uli.LE.0.)   CO   TO   120 
Us(VARM)-VAR(5) )/UU 
PETAeATAMCU) 
08ETAs(VAR(4*IDF)-VAR(5*IDF))/(UU»{l,*U«U)) 
TEHp?sSlM(3ETA)  

240 TEMP4scOS(BtTA) 
P^0   120     TEMP1rSPJ(VAR(2)) 

TEMP3sC0i(VAR(2)) 
SUSPENSION   SPRING   DEFLECTION     (SPDEF) 
SPDEF<l)sVAR{3)-VAR 
SPDEF(?)sVAR(4)-VAR 
-LEN(3)»TEMP2 
TFtMAXl ES.LT.3) 

{1)-LEN(1)»TEMP1 

fiQ TO 13? 
SP0EF(3)»VAR(5)-VAR(l)*LEN(2)»TEMPl 
♦LEN(4)»TEMPg  

C   •< 
JJÜJ. 

SUSPENSI 
BIEflLLU 

ON SPRING  R 
8VAR(3M0F) 

-LEN(l)» 
nSPpF(2? 
♦LtN(2)» 
IF(\AXLE 

VAR(2*IÜF)» 
8VAR(4*inF) 

ATE  OF  DEFLECTION     (DSPOF 
-VAR{1MQF?  

OSP0F(3) 
♦LEN(2)* 

VAR{2*I0F)» 
S.LT.3)      GO 

1EMP3 
-VAR(IMOF) 

sVAR(5*I0F) 
VAR(?*IDF)* 

TEMP3-LEN(3)«nBETA#TEMP4 
TQ   140 

420       C   •••••  SUSPENSION   SPRING   FORCES 
430        140 no   160   I«1,NAXLES  

-VAR(1*10F) 
TEMP3»LENM)«nBETA»TEMP4 

Ks5 
no i50 H»l,4 

460          IF(SPDEF(I),LT.SLIMIT(M,I))  CO TO 155 
470   15^     COMTINUE  

CO  TO 160 

_^. 
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in 199 K«M 
900 
910 

160 
C •• ••• 

rORCK(l)-SSLOPE(K,I)»SPOEFn)*SINT(K.I) 
SUSPENSION DAMPING FORCES 

920 
930 

00 180 I-l.NAXLES 

940 
5?« 

00 170 M«l,.? 
lF(0SP0r(n.LT.0LlMIT(M,I)»  CO TO 179 

960 
970 

1>0 CONTINUE 
GO TO 180 

960 
990 

1>9 
160 nAMp(n«OSLOPE(K#I)«DSPOF<!J«OINT(K,n 

600 
610 

C ••••• 
c ••••• 

niFFERENTlAL EQUATIONS 
FK(1) AND FKdMOF)—CG MOTION 

620 
630 
«40 

c ••••• Fr<(2) ANQ FK(2*IDF)—PITCH MOTION 
FKJ3) ANO FK(3*I0F) —AXLEl MOTION 

690 
4A0I 

c •# ••• FK(N) AND FK(NMDF)—AXLEN MOTION 
no i9fl ifi-mr 

670 
6B0 

190 FK(I>«H«VAR(I*IOF) 
STFMP«0. 

690 HO 2?I0 I>1»NAXLES 
TCMPM )«FORCKM )*nAMP{ I) 

710 
7?a ?aa 

STEMP»STEMP*TEMP(I) 
FKfl*2*IDF)iH«fFnRCW(!l-TEMPM» 

730 
1401 

6 -MASS(I)«386.}/MASS(I) 
rKri*inr)«M«rSTEMP-FMASS«3aAfwrMASS 

750 
»A« K 

FK(2*IDF)«H«(LEN(1)»TEMP<1) 
-i rk|f?j«TEMPrpnyfNRTii 

770 
78« 

RETUPN 
rwn 

790 
Aflft 

810 
ft9fl eifttt 
830 

850 
AAft suRunuTiNC Miisrnn 
870 C ••••• THIS SUBROUTINE IS FOR A TRACKEO 

wfuin r. Knr  ii«fn Mrpr 
890 
O0fl c 

END 

910 
«9A 

C 
e 

930 
§40 

C 
e 

990 
e •• Iff 

SURROUTINE M60(FK) 
THIS SUBROUTINE IS FOR A TRACKED 

970 
tag 

c •• »•• VEHICLE» NOT USED HERE 
END 
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APPENDIX C: 

The vehicle peremeters necessary for wheeled vehicle simulation 

•re listed In the same order as In subroutine data.    The variable 

names are written In all capital  letters.    See Figures Cl through C3 

for clarification.    Those parameters  In DATA,  not listed herein, 

are not necessary for wheeled vehicle simulation.    This appendix Is 

Intended as a work sheet for use In obtaining data for simulation of 

a new vehicle. 

A.    DSETUP 

1. NY - number of profile points 
under vehicle (computed) 

2. I OF - degrees of freedom . . 

- h  for 2-axle vehicles 

= 5 for 3-axle vehicles 

3. NAXLES - number of axles . . . 

0.0 

k,    NSE6S - number of segments In tire 
model (computed)   e  •  •  •  •  • 0.0 

5.  IFHORZ 0.0 

B. DLEN 

1. LEN(I) - £.: horizontal distance from front 
axle to center of gravity   

2. LEN(2) - i2: horizontal distance from CG 
to rear axle (or center of rear 
bogle assembly)  

3. LEN(3) - l^:    horizontal distance from 
center of rear bogle assembly 
to center of 2nd axle (■ 0 for 
2 axles)   

Inches 

Inches 

Inches 

103 
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Parameters 
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k. LEN(4) - i: horizontal distance from center 
of rear bogle to center of 3rd axle 
(■ 0 for 2-axles)   

5. LEN(5) thru LEN(9)   

C. DHASS - Unsprung masses 

1. NASS(I) - H.:    Hess of front axle  In- 
cluding wheels ....    

2. MASS(2) - Hg:    Hass of second axle  

3. MASS(3) - M3:    Hess of third axle  

k,    HASS(U) - HASS(6)   

D. OFHASS-H : Sprung mass   

E. OINRTA-I : Pitch moment of Inertia of 
spring mass about CG   

F. DESCRIPTION OF SUSPENSION SPRING FORCE 
FUNCTION (see Figure C2) 

I. DSLIM - limits of regions 

a* Front axle: 

(1) SLIMIT(I,I) - x,,  

(2) SLIMIT(2,I) - ^j  

(3) SLIMIT(3,I) - x3J  

(k)  SLIMIT(1»,|) - xUl  

b. Second axle: 

(1) SLIHIT(I,2) - x|2  

(2) SLIMIT(2,2) - Xgg  

____ Inches 

0.0 Inches 

lb-sec8 

Inches 

lb-sec2 

Vnches 

lb-sec2 

Inches 

lb-sec8 

inches 

lb-sec2 

Inches 

lb-sec2 

Inches 

Inches 

I nches 

Inches 

Inches 

Inches 

Inches 
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fön« (lbs) 

:4   displacement 
(Inches} 

Typical ran* 

Segmented linear 
approximation 

Equations of  lines are: 

[I 

Fij " mijÄj *c\} 

I - region number ("1,2,3,'»,5) 

J  ■ axle number  (1,2,3) 

Figure C2.    Segmented-LI near Spring 
Force Approximation 

-■ - -   ■■ ~^.—■■ 
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(3) SLIMIT(3,2) - ^ .  .  

{k) SLIMIT(3,2) - x^  

Third axi« (If 2-«xl«s, th«s« ara laroas) 

(1) SLIMIT(I,3) - x13   

(2) SLIMIT(2,3) - x23 

(3) SLIMIT(3,3) - x 

•      •••••••• 

33* * 
• •••••• 

• • ♦ • (U) SLIMIT(U,3) - ^ • • 

2.  DSSLO - Slope of  lines which approx(«ata thv fore« 

vs. daftact Ion curva of the suspension springs, 

a.    Front axle: 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

(t) SSL0PE(l,l 

(2) SSL0PE(2,I 

(3) SSL0PE(3,I 

(U) SSLOPE(lf,l 

(5) SSL0PE(5,1 

b.    Second axla: 

(1) SSL0PE(l,2 

(2) SSL0PE(2,2 

(3) SSL0PE(3,2 

(U) SSL0PE(U,2 

(5) SSL0PE(5,2 

c*    Third axla: 

(1) SSL0PE(1,3 

(2) SSL0PE(2,3 

(3) SSLOPE(3,3 

" m||  

" "fel  

- nu.  ..... 

■ "Vi  

- %  

- "^g  

■ "^2  

" "»BS  

" "te  

" 'V  

■ ml3  

" "b  
■ ^  

m   ■■— 
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(k) $$L0PE(V,3) - "V3 • • • _ 

(5) $SL0fE(5,3) - «^3 _ 

3. DSINT -  lnt«rc«pts of fore« vt d«f1«ctlon ItnM. 

••    Front «xU: 

(1) SIHTO,!) - cn _ 

(2) SIMT(2,1) - c^, _ 

(3) SIMT(3,0 - C31 __ 

(k) SIMT(m) - c^,   ._ 

(5) SllfT(5,1) ' c
5y _ 

b.    Second «xle: 

(1) SIMT(I,2) - c|2 _ 

(2) SIMT(2,2) - c^ _ 

(3) SIMT(3,2) - c^   ._ 

(h) SIMT<M) - c^ •  •  •  • 

(5) SIMT' 

Third t 

2> - c. 

(1) SIMT(I,3) - c13 

(2) SIMT(2,3) - ^3 

(3) SIKT(3,3) - C33 

(U) SIMT(U,3) - c^3 

(5) SIKT(5,3) - c53 

DESCRIPTION OF SUSPENSION DAMPING FORCE FUNCTION 
{%•• Figur« 03) 

1.  ODLIM - Limits of  regions. 

>-...„ ^_^ ** .. 
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Equations of linos aro: 

Typical cunt 

Segmtntrnt Urn» 
•pproxtmtion 

109 

FIJ * "lJ6J * -IJ 

I - region number   ("1,2,3) 

J - axle number   (■1,2,3) 

Figure C3.    Segmented-LI near Oemplng 
Force Approximation 
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«.    Front axl«: 

(1) 0LIMIT(I,l) - v,,   

(2) DUNIT(2,I) - v2I   

b. Second axl«; 

(1) 0LIHIT(I,2) - vI2   

(2) DUMIT(2,2) - Vgg   

c. Third axle: 

(1) DUMIT(1,3) - vI3   .   

(2) 0UMIT(2,3) - v23   

2. OOSLO - Slope of lines which approxlmat« the 

force-velocity curve, 

e.    Front axle: 

(1) DSL0PE(I,l) - n,,   

(2) 0SL0PE(2,I) - r^,   

(3) DSL0PE(3,I) - ng,   

b. Second axle: 

(1) 0SL0PE(I,2) - n|2   

(2) DSL0PE(2,2) - n^   

(3) DSL0PE(3,2) - n^   

c. Third axle: 

(1) DSL0PE(I,3) - n13   

(2) DSL0FE(2,3) - ^   

(3) 0SL0PE(3,3) - n33   

. 

in/tec 

In/tec 

In/sec 

In/sec 

In/sac 

in/sec 
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3«   OOIMT - Intercepts of llnM on damping fore« 

v«. d«floctton voloelty curvos. 

«.    Front «xlo: 

(1) OIMKIJ) -dn 
(2) DIMT(2,I) -tl 
(3) 0IMT(3.I) 

-d31 
b.    Second axl«: 

(I) 0IIIT(I,2) -dl2 

(2) 0llfT(2,2) -^22 

(3) 0IMT(3,2) 
-^ 

c.    Third axl«: 

(I) 0IMT(I,3) -dl3 

(2) 0IKT(2,3) 
-^ 

(3) 0IKT(3,3) -<«« 

H. OR - Tho undofUctod tfr« radius In Inchas .  .  . Inches 
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APPENDIX 0 (Documentation of PWRPLT) 

I. DESCRIPTION: This program plots th« absorbad powar and tha 

avaraga absorbed power against tine. It stores the plot In 

a file on disc which can be printed on a line-printer with 

\30 characters per line. 

II. INPUTS AND OPERATING INSTRUCTIONS: 

A. Prior to execution:    none 

B. During execution: 

1. IFILE:    The name of the file which contains tha power 

end absorbed power.    This file must be In the format 

of the detailed output file from VF.H, with options 

absorbed power and RMS accelerations specified.    This 

file name must be 5 or less characters long. 

2. OFILE;    Desired name of plot flle; not over $ characters. 

III. OUTPUTS;    One file containing a plot of absorbed power and 

average power vs. time. 
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IV.    SAMPLE EXECUTION: 

.HX HWnPLT 
FCWTrtAN:     PURPtT 
L0ADIN3 

LÜAOr.H  AK  COHL 
EXECUTION 

IFILEl   FILEX 

OFILE»   PWRX 
END OF  FILE  ON DSK1 
C//F,/8X,?",/7X,F) 
LAST FORTRAN  1-0 AT USER LOO  000f>67 

EXECUTION TJ ftEt 8.20  SEC. 
TOTAL ELAPSEO T1I1E: 45.20 SEC. 
NO EXECUTION ERRORS DETECTED 

EXIT 

R«produc«d from 
Mtl avaliabl« co copy. 

iMiaiiii        i     mtm^m» imtmmmma   i     i  t'mM-  ■' J ^-ruhniifi'MIni 
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V.  PROGRAM LISTING: 

919 

4M. 
040 
m 
06? 
£21. 

120 
130 
140 

160 
170 

?fc>0 
?10 
220 
til 
2451 
2S£L 

300 
JJ1£. 

340 

360 
J£2. 
400 

niMENSlOM  X(i20)lT(10) 
DIMENSION  P(10)»AP<10) 

STAR«»»« 
PL1)S»U» 
BLANK!1    ' 
amLUiiiij 

060            900       FOPMATC   IFILEI 
üSja ACCEPT 99?t   FN1 

$> 

100 995        rOPMAT(A5) 
112 CALL    iriLL(2l.rMl 

905 
WRITF(6»905) 
TOPMATM   QFIi It   t.«) 

——^ 

ACCEPT  995,   FN2 
CALL  QriL£(22iFNg) 

WRTTF(?2i94fl)   FN1 
180            940       FOPMATC   GRAPH  OF  TIME  VS  ABSORBED' 
l£0 1 !  POWER FOR   UÜjidJUtUZJ  

945 
WRITF(22,945>      (I,I»0,22) 
FQRrfATCo'.'TlhE   ' i U .?2CnX. I?> i 

105 
•POWER 
no na 

AVEV) 
JBXAJM 

REA0(21I995)   TEST 
IFtEPFC) GQ  TO 9999 

26«       110 IF(TFST,EU,'l 
220 GQ TO  9999 

T|»l     GO  TO  120 

260       120 HO  130   I«1.10 
2Ä0 READ<21i92a)   THKAPCDiPC!) 

uz. 
IF(EnFC) 
CQMTINUC 

CO   TO  135 

320 923       F0RMAT(//F,/8XiF,/7X»F) 
2Ä0 JJiL£  

lii 
GO  n 136 

360       136 DO  140   Itl,JJ 
312 TXi(5.»AP<nt,5)tl 

IF(iy,L£.iJ)     ix»i 
iliUUALlXMI lx«U0 
<(IX)«STAR 

m^gmmm ■■,.... 
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IFdXX.LEifl) Ulli. 
iFdXX.GT,!!«) 1XXB11I 

URITE(22»»3a) 
pcniipcn 

T(!),(X(J),J.1,110). 

930      rORMAT(»«».r5,2#ll0Al,2F6,|) 
xny)tBLiNK 

14PI X(IXX)*BtANK 
GO   TO 105 

•940 

«909       WRITE(22»945) 
CALL SXIT  

(I»I«0»22) 

CNO 


